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ABSTRACT 
Isolation of three closely related inhibitors from 
adult tissue of E.grandis involved non-alkaline extraction 
and monitor ing with appropriate bioassays. The chemical 
structure of one of the inhibitors (Gl) was unequivocally 
determined by X-ray diffraction. 
Gl is a fused bicyclic compound with a peroxide 
linkage. The most 
closely related known compounds appear to be the S-triketones. 
A similar general structure for G2 and G3 is proposed, 
based on the similar spectral properties of all three 
compounds. The compounds differ in their substitution 
pattern at one C atom. 
of two enantiorners . 
Each compound is a racernic mixture 
Each compound inhibited rooting of stern cuttings of 
E.grandis seedlings , E.deglupta seedlings and rnung bean 
seedlings at concentrations of l0- 4M. Accurate concen-
trations for root inhibition are difficult to estimate 
because of the break down of the inhibitors in water to 
inactive decomposition products. However, the natural 
concentration of inhibitor in the plant (ca 2xl0- 3M) 
appears sufficient to prevent adventitious root formation. 
It is proposed that the three inhibitors are 
responsible for the increased root~ng inhibitor concen-
tration in successively higher leaf pairs and, therefore, 
the _ apparently associated decrease in rooting ability, 
observed in seedlings of E.grandis. 
vi. 
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INTRODUCTION 
Endogenous rooting inhibitors have been proposed 
to exert an overriding influence on adventitious root 
forQation in adult tissue of Eucalyptus grandis (Paton et 
al. 1970). This suggestion was supported by several 
observations indicating a relationship between decreased 
rooting ability of stem cuttings and increased levels of a 
rooting inhibitor in the tissue forming the base of the 
cutting. 
The first such observation was of a decrease in 
rooting ability of E. grandis stem cuttings with increased 
ontogenetic age of the base of the cutting. Goebel (1900) 
and Gardner (1929) were among the first to note this 
qualitative relationship, now well recognised, between 
1. 
rooting ability and tree age. Since these early observations, 
similar associations have been reported in many different 
plant species (see Hyun 1967 and de Muckadell 1959). The 
report on E. grandis, however, placed the relationship on 
a quantitative basis, apparently for the first time. 
The second piece of evidence for the overriding 
influence of inhibitors in E. grandis came from experiments 
showing inhibitors present in adult tissue, i.e. tissue 
unable to strike as cuttings, whereas they are absent, or 
present at much lower leve ls, in seedling tissue, i.e. 
tissue capable of striking as cuttings. Follow-up experiments 
established moreover that inhibitor level increased with 
leaf pair number (or node number) of an E. grandis seedling, 
2 . 
t hi s apparently being the first report of such a quantitative 
relat i onship between inhib i tor level and ontogenetic age. 
And thirdly, supplementary experiments reported 
in the paper by Paton et al. (1970), using cuttings of 
E . deg lupta - an exceptional eucalypt in that it will strike 
f rom cuttings tak en from adult trees - showed that this 
species contained l i tt le or no such inhibitor as detected 
in E. grandis, even i n adult tissue. These investigations, 
together with the failur e of practical attemp ts to strike 
cuttings from adult tissue of most eucalypt species, 
including E. grandis, even in the presence of known root-
promoting substances, suggest most strongly tha t inhibitors 
play an important role in adventitious root f o rmation on 
cuttings of E. grandi s. 
In some i nstances variability in striking capacity, 
both within a g i ven s pecies and between different species , 
has been explained by differences in the level of promotory 
substances found in easy-to- root and difficult-to-root 
plants (Hess 1964a, Vieitez et al. 1964 and Hyu n 1967). 
Discussion on t he role o f hormones in root initiation in 
some plants and the identification of auxins as the substances 
p rimar i l y concerned (Went and Thimann 1937) led to the 
supposit i on t hat failure to root was generally due to 
i nsuffic ien t auxin s upply. If this were the case, however, 
s upply ing exogenous auxin to cuttings of auxin-deficient 
p lants shou l d induc e root formation. This expectation was 
justi f i e d in par t, since application of auxins, at suitable 
concentrations, doe s hasten root development and increase the 
3 . 
number of roots formed on cuttings of most plants that are 
already capable of rooting (Thimann and Behnke-Rogers 1947). 
However, in these reports, even species classified as 
"difficult-to-root" would strike a certain percentage of 
cuttings without auxin treatment, and this percentage was 
merely increased by the addition of auxin. This does not 
happen, however, with cuttings from adult E. grandis 
(R. Willing, pers. comm.), which along with cuttings from 
some other difficult-to-root plants, can not be induced to 
form roots merely by auxin treatment. Evidently, failure 
of these cuttings to root is not primarily due to 
insufficient auxin supply. An important generalization is 
that auxins do not stimulate rooting of cuttings of plants 
that never root without auxin treatment (Avery and Johnson 
1947). 
More recent papers by Vieitez et al. (1966) and 
Spiegel (1954, 1957) as well as that of Paton et al. (1970) 
have shown that inhibitors are also involved in root 
development. Based on available evidence, a likely 
interpretation is that a balance between root promotors and 
root inhibitors is of primary importance in the regulation 
of adventitious root formation in most plant species (Hyun 
1967). In some species promotors appear to predominate and 
exert a controlling influence, whereas in others (such as 
Eucalyptus) the inhibitors play the major role. 
A quantitative relationship between striking ability, 
ontogenetic age at the base of the cutting and endogenous 
inhibitor level has thus been established for the first time 
" 
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(Paton et al. 1970), and it is suggested, moreover, that this 
relationship is a causal one. My own contribution to this 
previous work, undertaken as part of the work towards this 
thesis, may be briefly outlined as follows. The major part 
involved carrying out ·the various cress seed germination 
bioassays necessary to establish the nature of the 
relationship between inhibitor level and ontogenetic age. 
This required making extracts of leaves from successive 
nodes of E. grandis seedlings, chromatographing the extracts, 
and performing the ensuing cress seed germination bioassays. 
Full details of the techniques used are reported in the 
paper, the particular results being summarised in Fig. 2 
of that paper. In addition, the bioassays (cress seed 
germination and rooting of E. deglupta stem cuttings) 
required to confirm the results summarised in Table 1 of the 
paper were also repeated. 
The reported results immediately suggest several 
interesting lines for further research. 
For instance, it seemed desirable to develop an 
efficient and reproducible bioassay utilising cuttings from 
E. grandis seedlings to test for the presence of rooting 
inhibitors in extracts prepared from that species. Previously 
(Paton et al. 1970), a useful but presumably less specific 
bioassay utilising E. deglupta cuttings had been used. A 
small aspect of the present study therefore involved the 
development of a reliable, easily-managed bioassay using 
cuttings of E. grandis. However, the two most obvious paths 
for subsequent research can perhaps be most succinctly 
5 • 
categorised under the headings of physiology and chemist ry of 
the inhibitors. 
Sections of the work of Fernquist (1966) provided 
the basis for some of the physiological studies initially 
undertaken. This involved investigating the effect on 
adventitious root formation of the prior growing conditions 
of the E. grandis seedlings providing the cuttings. The 
influence of light (photoperiod), temperature and nutrients 
on donor plants was investigated with respect to their 
subsequent rooting capacity when used as cuttings. The 
effect of rooting medium on cuttings was also investigated. 
The ultimate objective of these tests was to elicit 
information on the optimum conditions under which to grow 
donor seedlings so that cuttings prepared from them would 
strike most readily. 
The previously reported work provided the foundation 
for a logical extension of chemical research, viz. the 
determination of a successful method of separating the 
inhibitor(s) from plant extracts in sufficient purity to 
enable chemical identification. 
While concurrently pursuing both the physiological 
and chemical aspects of the work, it soon became evident that 
the inhibitors (experiments had revealed the presence of at 
least two distinct inhibitors) could be purified and hence 
their chemical structure could be determined. With the 
likelihood of chemical identification of the inhibitors, it 
was decided to direct the remainder of the work towards 
achieving this goal, at the expense of the physiological 
studies. With the final purification of the inhibitors 
it was possible to express the results of bioassays in 
quantitative terws, relating percentage rooting of cuttings 
to actual inhibitor concentration. Although the study was 
concluded at this stage, the chemical identification of 
the inhibitors opens the way for a detailed, physiological/ 
chemical investigation into the various factors influencing 
adventitious root formation in E. grandis, including work 
6 . 
on the topics originally being investigated in the 
physiological study on environmental effects. It is perhaps 
unfortunate that the success of the chemical investigation 
resulted in the premature termination of the preliminary 
physiological experiments, such that no conclusive results 
were obtained from this asp~ct of the work. However, some 
physiological trials were able to be performed later, this 
time with pure samples of the inhibitors, so that the range 
of concentrations over which the inhibitors were active in 
various bioassays was investigated. An experiment to 
estimate the overall concentration of the inhibitors in 
adult leaves of E. grandis was also undertaken. 
Accordingly, this thesis reports on the work carried 
out to follow up the unique results of our previous 
investigation (Paton et al. 1970). This work includes the 
chemical identification of the substances responsible for 
the bioassay activity previously demonstrated and also 
responsible, apparently, for the inability of cuttings from 
adult E . grandis tissue to strike. Further background for 
this study has been necessarily restricted because of a 
scarcity of reports on the striking of eucalypts from 
cuttings. Moreover, the chemical and physical techniques 
employed during inhibitor isolation have been empirically 
chosen, for the most part, owing to the nature of the work 
in dealing with an unknown compound. 
7 . 
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CHEMISTRY OF THE ROOTING INHIBITORS 
MATERIALS AND METHODS 
(a) Preliminary Trial Extractions and Bioassays 
Before attempting to carry out the bulk extraction 
necessary to provide sufficient inhibitory material for both 
chemical identification and physiological trials, preliminary 
tests were undertaken to determine an efficient inhibitor 
extraction technique. These preliminary tests were performed 
on a small scale since the inhibitor purification had not 
been previously attempted and the chemical nature of the 
inhibitor was unknown. The initial exploratory steps involved 
carrying out various chemical isolation and purification 
procedures concurrently with bioassays, the bioassays serving 
as a test for the efficiency of the different procedures. 
The two bioassays most commonly used were the cress 
seed germination (see Evenari 1949) and mung bean rooting 
(Fernquist 1966) bioassays,however, on some occasions these 
were supported by the presumably more specific E. deglupta 
rooting bioassay. Details of the bioassays are given later 
in the thesis, suffice to state at this stage that the 
bioassays were performed as outlined in the previous paper 
(Paton et al. 1970), i.e. when test ing different solutions 
for inhibitory activity, the solution was chromatographed 
using the solvent system of iso-propanol: ammonia : water 
400 : 1 : 99 and the bioassays performed on the various 
9 . 
sections of the resulting paper chroma tograw. In this manner, 
not only was a constant check made of the relative inhibitory 
activity of the various so lutions, but also whether the 
inhibitor was travelling at a constant Rf value. In addition, 
it ensured that the inhibitory section (Rf 0.9) of the 
chromatogram was relatively free from the influence of 
extraneous compounds that could jeopardise the validity of 
the activity estimates from the bioassays. 
The experiments designed to compare the inhibitor 
level at successive stages of inhibi tor purificat ion, thereby 
giving an indication of inhibitor loss, followed a standard, 
routine procedure. For this a precise fraction (e g. 0.1%) 
of the inhibitor solution that was to be further purified 
was set aside and the purification procedure performed on 
the remainder. Following purification, the same precise 
fraction of the purified inhibitor solution was separated. 
These two comparable fractions were chrowatographed 
separately for use in the bioassays. For the paper 
chromatography, solutions of equal volume but varying 
strengths, ranging from 20% to 100% of each inhibitor 
fraction, were chromatographed. This was necessary if 
accurate comparisons on inhibitor level were to be made since 
it is important to be able to compare the two different 
fractions at the approximate concentration of inhibitor 
that is just sufficient to prevent, totally, either cress 
seed germination or mung bean rooting. Accurate estimations 
of relative inhibitor level between two solutions are 
virtually impossible if the bioassays using both solutions 
10. 
show complete inhibition. The nature of these bioassays is 
shown in the detailed results given for one of the bioassays 
obtained following partial purification of the inhibitors by 
solvent-solvent partitioning (see Table 2). 
The first investigations were directed towards 
determining the most efficient method of extracting the 
inhibitor from adult leaves of E. grandis. The leaves were 
decimated, by finely chopping them into small pieces (of the 
order of l-2mm square) with a sharp blade, before being 
extracted for 24 hours in a range of solvents (see Table 1). 
The various solvent extracts were subsequently bioassayed in 
the usual manner. Both cress seed germination and mung bean 
rooting bioassays were performed using the chromatograms of 
each solvent extract. No evidence was obtained for the 
presence of more than one inhibitor, the inhibitory section 
of each chromatogram always being at Rf 0.9 regardless of 
the solvent used for extraction. Both bioassays revea led 
that the most efficient inhibitor extractants used were 
diethyl ether and methanol (see Table 1). The other solvents 
used, in order of decreasing efficiency, were cyclohexane, 
butanol, chloroform and benzene (the inhibitor being 
virtually insoluble in benzene). Whereas diethyl ether was 
a slightly more efficient extractant than methanol, it was 
considered safer, cheaper and easier to handle future 
extractions with methanol, even though a further extraction 
may be necessary to achieve the extraction efficiency of 
ether. It was found that three extractions with me thanol, 
using just sufficient solvent to cover the leaves each time, 
Solvent 
Diethyl ether 
Methanol 
Cyclohexane 
Butanol 
Chloroform 
Benzene 
Table 1 
( i) 
Percentage cress 
seed germination 
0 
15 
40 
45 
60 
100 
(ii) 
Average number of roots 
produced per mung bean 
cutt i ng 
(water control= 3.8) 
0 
0 
1.4 
2. 4 
3.1 
4.0 
Results of i) cress seed germination bioassay (20 seeds per 
test solution) and ii) mung bean rooting bioassay (as on 
the fifth day following the preparation of the cuttings). 
The bioassays compare the inhibitor level in various 
solvents used to extract E. grandis leaves. 
removed virtually all the inhibitor from the leaves, i.e. 
no inhibitor could be detected during bioassays on further 
extracts of the leaves. 
Viewing of the chromatogram of the methanol 
extract, for example, under short wavelength ultraviolet 
light, revealed the presence of a compound, appearing as 
11. 
a dull blue band, travelling at the same Rf as the inhibitor. 
Although other compounds also travelled at about the same 
Rf (0.9) on the chromatogram, further examination revealed 
that the dull blue fluorescing compound was absent, or 
fluorescing only very weakly, in the Rf 0.9 sections of 
chromatograms of extracts showing no inhibitory activity 
in the bioassays. 
Since the inhibitory sections of the chromatograms 
were not completely free from extraneous compounds, further 
attempts to purify the inhibitor were undertaken. 
The first such attempt involved the technique of 
basic extraction. This was utilised since it was thought 
possible that the inhibitor could be a derivative of abscisic 
acid (ABA), which is generally purified by basic extraction 
(e.g. Cornforth et al. 1965). The inhibitor did not appear 
to be ABA itself, as ABA and the inhibitor travelled at 
different Rf values when co-chromatographed using the usual 
iso-propanol : ammonia: water solvent. Whenever ether 
extracts containing inhibitor were partitioned with 5% 
solutions of either sodium hydroxide or sodium carbonate 
no inhibitory activity was detected in either the ether or 
aqueous fraction. It was assumed that decomposition of 
the inhibitor had occurred on contact with the alkali and 
the use of alkaline solutions was subsequently avoided. 
12. 
A second attempt to purify the inhibitor involved 
the use of solvent-solvent partitioning. A methanol extract 
of adult E . grandis leaves was prepared and reduced to an 
aqueous solution by distilling the methanol from the extract 
using a rotary evaporator operating at reduced pressure and 
a temperature of less than 35°C. The resulting aqueous 
solution was tested to determine the inhibitory activity by 
bioassaying 20%, 40%, 60%, 80% and 100% strength solutions 
of a 0.1% sample from the aqueous extract using the previously 
detailed routine procedure employing the cress seed germination 
bioassay. Following this, the remainder of the inhibitor 
solution (99 . 9%) was separated into five equal amounts and 
each portion partitioned with a different solvent. Each 
aqueous solution was extracted three times with the same 
solvent. The three fractions of each solvent were combined 
and reduced to the same volume as the aqueous fractions 
(reduced pressure, less than 35°C) and an evaluation made on 
the relative inhibitory activity of all ten solutions (five 
aqueous, five different solvents) using the usual cress seed 
germination and mung bean rooting bioassays. The results 
from both bioassays supported one another and revealed that 
light petroleum (b.p. 60 °-80°) , diethyl ether and cyclohexane 
had very effectively extracted the inhibitor - the corresponding 
aqueous solutions showing no inhibitory activity. The other 
13. 
two solvents used, butanol and chloroform, were less effective, 
containing about 60% and 45% of the inhibitory activity 
respectively. 
Although the light petroleum, for example, was a 
most efficient solvent for extracting the inhibitor from the 
aqueous extract, it was noted from a cress seed germination 
bioassay using 20%, 40%, 60%, 80% and 100% strength solutions 
of a 0.5% sample of the petroleum extract that the inhibitory 
activity had been reduced during the partitioning procedure 
to about 80% of the original activity of the aqueous 
solution - see Table 2. The loss of inhibitor is presumably 
due to either incomplete extraction or inhibitor decomposition, 
or both. 
It was again noticed, when viewing the chromatograms 
under UV light, that a dull blue fluorescing compound was 
travelling at the same Rf value as the inhibitor, i.e. Rf 0.9. 
This fluorescing compound was quite separate from the bulk 
of the other fluorescing compounds observed on the chromatograms 
under UV light. 
In an attempt to separate the inhibitor entirely 
from the other co-chromatographing compounds present in the 
extract, descending paper chromatography in a different 
system was undertaken. 
3MM Whatman paper was impregnated with ethylene 
glycol by dipping the paper in a trough containing ethylene 
Relative strengths 
of each solution 
chromatographed 
100 
80 
60 
40 
20 
Table 2 
Aqueous solution 
100 
100 
100 
75 
40 
Petroleum 
solution 
100 
100 
80 
60 
30 
Results of cress seed germination bioassay comparing 
inhibitor level in unpurified aqueous solution and 
purified light petroleum fraction following solvent-
solvent partitioning. Results are expressed as 
percentage germination (20 seeds). 
14. 
glycol. The paper was partially dried of the glycol until 
tacky, then strip loaded with a methanolic solution of the 
inhibitor extract before being developed using light 
petroleum as the mobile phase. The resultant chromatogram, 
when viewed under short wavelength UV light, showed two 
dull blue fluorescent bands at Rf values 0.10 and 0.15. 
Both these bands overlapped each other but were quite free 
from the other chromatogram compounds that fluoresced under 
UV light. 
Cress seed germination bioassays carried out on 
the chromatogram, after the ethylene glycol had been 
completely evaporated, showed that both sections of the 
chromatogram containing the compounds that gave rise to 
the dull blue fluorescent bands completely inhibited the 
germination of the cress seeds. Thus there appeared to be 
at least two germination inhibitors present in· the extracts 
of adult E. grandis. 
Following the completion of these preliminary 
studies that extended throughout the first year of the 
investigation, it was considered to be an opportune stage 
at which to commence large scale inhibitor extraction. 
Adopting the successful procedures outlined above, this 
would provide sufficient pure inhibitory material to enable 
chemical identification as well as the undertaking of various 
physiological experiments. 
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Before proceeding with the large scale extraction, 
a pilot run was made using methanol extraction of the 
E. g andis lea es followed by evaporation of the methanol 
from the extrac and light petroleum partitioning of the 
resultant aqueous solution. The inhibitor extract thus 
obtained was then tested for activity in the more specific 
bioassay for a rooting inhibitor in Eucalyptus, viz. the 
E. deglupta rooting bioassay. It was found that the 
inhibitor was indeed active in this bioassay and also that 
'the chromatogram fraction travelling at Rf 0.9 in the usual 
solvent was the only fraction of the chromatogram to inhibit 
root formation on the E. deglupta cuttings. Inhibitory 
activity had again fallen to about 80% of the original 
activity (cress seed germination bioassay) during the 
extraction procedures. 
Since the only inhibitors detected travel at the 
same Rf value, and are active in the same bioassays, as the 
original inhibitor, all indications suggest that the 
inhibitors being investigated are the ones responsible 
fo~ the activity in the initial investigations of an 
inhibitory substance Paton et al. 1970). 
(b) Large Scale Extraction 
For the large scale extraction a collection was 
made of 375Kg fresh weight of leaves and small twigs from 
3 year old E. grandis trees growing in an experimental 
plantation near Bega on the S.E. coast of N.S.W. This 
location was chosen because of its proximity to Canberra, 
enabling the plant material to be flown to Canberra and 
stored in a cold room* (- 10°C) within three hours of 
collection. 
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The following day, working at room temperature, 
the leaves were stripped from the twigs and finely chopped, 
separately, in a large mill before being immersed in 
methanol. Separation of the - leaves from the twigs was 
necessary to prevent clogging of the mill with each batch 
of plant material. 
The shredded leaves were extracted for 15 hours 
with 135 1 of distilled methanol. After filtering off 
the solvent, a further extraction (20 hours) was carried 
out with another 135 1 of freshly distilled methanol. The 
solvent was recovered, combined with the previous extract 
and evaporated down to 60 1 on a climbing film evaporator 
operated at 36-40°C under reduced pressure. Continuous 
solvent feed was employed and the cycling volume at any 
one time was approximately 5-6 1. 
* Biochemistry section, C.S.I.R.O., Canberra. 
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All solvents used for extracting, or any other 
purpose, were distilled prior to their use to ensure the 
absence of any impurities that may react with the 
inhibitors, and also to avoid the accumulation of solvent 
impurities that would otherwise occur during concentrations 
of such large volumes of solvent. 
The shredded twigs (stored at _- 10°C) were 
extracted in a similar manner to the .- leaves, using 90 1 of 
methanol for each extraction. After concentration of the 
twig extracts on the climbing film evaporator (36-40°C, 
reduced pressure), the concentrate was combined with the 
60 1 of leaf extract to give a total volume of 100 1 
(cf. 'aqueous' solution in Fig. 1). 
Using a high-speed electric stirrer, the extract 
(100 1) was thoroughly mixed with 90 1 of petrol (Shell X4 
Solvent) in a large, stainless steel, separating tank. 
After equilibration, the petrol phase was partitioned from 
the aqueous phase which was then re-extracted with a further 
90 1 of petrol. This procedure (solvent-solvent partitioning) 
was repeated another three times. 
Occasionally emulsions formed and interfered with 
the separation of the two solvent pha~es. This problem was 
overcome by filtration and subsequent phase separation on 
standing. 
375 Kg adult E. grandis tissue 
I 
separate leaves from twigs . 
mill . 
and extract with methanol 
combine 
l 100 I aqueous solution 
I 
part 1t1on with petrol 
aqueous phase 
I 
petrol phase 
I 
concen trate concentrate 
55 I i aqueous 
I 
solution / comb,ne-4 petrol extract 
I 
repart1t1on w ith petrol concentrate column 
petrol 
/ 
phase 
chromal graphy 
aqueous 
250 ml ether concentrate 
40 ml sample 
,, 
12 g crystals 
cellulose 
~ 
column chromatography 
Inhibitor G2 GJ 
Fig. 1. Summary of isolation procedure. 
Unexpectedly, bioassays revealed the presence of 
inhibitory material in the 'aqueous' phase (cf. Fig. 1), 
18. 
as well as the petrol phase. Tests established that the 
'aqueous' phase contained an appreciable amount of methanol, 
which presumably contributed to the inefficient inhibitor 
extraction into the petrol phase. To decrease the methanol 
content, the 'aqueous' phase was further reduced in volume 
on the climbing film evaporator (40°C, reduced pressure). 
The resultant aqueous solution(SS 1) was re-extracted 
twice with equal volumes of petrol. No inhibitory activity 
(cress seed germination bioassay) was detected in the 
aqueous phase. 
All petrol fractions were combined and concentrated 
on the climbing film evaporator (30°C, reduced pressure) to 
yield 4 1 of a reasonably fluid, intensely coloured, 
inhibitory petrol concentrate. 
Results from a cress seed germination bioassay on 
the petrol concentrate indicated that the inhibitory 
activity had been reduced to about 70% of the original 
inhibitor level of the methanol extract. This compared 
favourably with the 80% efficiency of inhibitor extraction 
obtained during the small scale preliminary experiments 
detailed previously. 
The next stage of the purification involved large 
scale column chromatography. A glass tube (150cm x 6.7cm) 
was prepared for column chromatography by fitting a sintered 
19. 
glass disc near the base of the tube, below which was attached 
a tap. A close fitting plunger was made from a metal rod 
(180cm long) fixed at one end to a thin perforated disc (6.5cm 
diameter). The plunger was essential to obtain firm, even 
packing of the support medium in the column. Because of the 
success obtained in separating two inhibitors during descending 
paper chromatography using paper impregnated with ethylene 
glycol in conjunction with light petroleum as the eluting 
solvent, similar conditions were adopted for the column 
chromatography. 
The column was packed with 1Kg of cellulose powder 
(Whatman Standard Grade) that had been impregnated with 
750ml of ethylene glycol and water (4:1) by maceration 
with light petroleum (60-80°C) in a Waring blender. The 
column was firmly packed, using the plunger on successive, 
small aliquots of the prepared support medium (cellulose 
powder) permeated with the stationary phase (ethylene glycol 
and water). 
The finished column (100cm x 6.7cm diameter) was 
layered on top with a 1cm wide band of sand to minimise 
disturbance of the cellulose when loading solutions on the 
column. 
An initial sample of 1.3 1 of the petrol concentrate 
was loaded on the column and chromatographed using light 
petroleum as the mobile phase. Ten petroleum bed volumes 
(approximately 500ml each) were collected. The first two bed 
volumes were extremely dark and viscous, with no evidence 
of crystal formation. The other eight petroleum bed 
volumes were relatively free from coloured impurities, 
20. 
and all contained material that crystallised out overnight. 
Elution of the column was continued with ethyl 
acetate replacing petroleum as the mobile phase and a further 
four bed volumes collected. The first ethyl acetate bed 
volume contained an appreciable amount of material that 
precipitated from the solvent overnight, while the second 
such bed volume contained only a minor amount and the third 
and fourth ethyl acetate bed volumes were free from 
crystalline material. 
The remainder of the petrol concentrate was also 
chromatographed on the cellulose column, necessitating two 
successive column runs with 1.3 1 and 1.4 1 of solution. 
Because the ethyl acetate eluted ethylene glycol 
from the column, it was necessary to reconstitute the 
column between runs. This was performed by washing the 
cellulose with several bed volumes of the stationary phase 
(ethylene glycol and water) in light petroleum. 
Bed volumes collected from the second and third 
column runs were consistent with those from the first 
column run, indicating little or no deterioration in column 
efficiency and allowing corresponding fractions to be 
combined. 
Following collection of the last e hyl acetate 
fraction from the third column run, diethyl ether was 
percolated through the column and four ether bed volumes 
collected. Crystals precipitated out of only the first 
two such fractions. 
Cress seed germination and mung bean rooting 
bioassays were carried out on all fractions recovered from 
the column. Inhibitory activity was found in all petrol 
fractions and in the compounds that crystallised from the 
ethyl acetate and ether eluates. Hence, the column had 
successfully purified the inhibitors present in the ether, 
ethyl acetate and latter petrol fractions, all of which 
were relatively free from coloured impurities. These 
21. 
fractions were evaporated to - dryness (using a rotary 
evaporator, 35°C, reduced pressure), combined and dissolved 
in 200ml diethyl ether. 
The first two petrol fractions from each column 
run also contained inhibitory material, which needed to 
be recovered from the dark, viscous impurities present 
in these six fractions. These six bed volumes were purified 
by solvent-solvent partitioning. Preliminary trials, in 
which ultraviolet spectra (in conjunction with cress seed 
germination bioassays) were used to as~ay relative inhibitor 
concentrations, indicated that partitioning with an equal 
volume of 40% methanol extracted more than 50% of the 
inhibitor from the petroleum. On this basis, seven 
extractions, with equal volumes of 40% methanol, were made 
with the combined petrol fractions. The resultant, 
relatively clear, aqueous methanol phases were combined 
and concentrated down to 1 1 on the rotary evaporator 
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(40°C, reduced pressure). The concentrated solution was 
thoroughly extracted with diethyl ether (9 x 500ml) and the 
ether phases combined and concentrated to 50ml on the 
rotary evaporator (room temperature, reduced pressure). 
At this stage of the purification procedure all 
the active fractions were dissolved in ether. After 
combining the active fractions (see 11 250ml ether concentrate" 
in Fig. 1) a 40ml sample of the ether extract was set aside 
(cf. Fig. 1) for reference purposes - both physiological 
and chemical. The crystals recovered from this solution 
are referred to in the rooting bioassays as the "crude 
sample" or, when made up in water solution, "test solution F" 
(cf. mung bean and E. deglupta rooting bioassays). 
Ascending thin layer chromatography (TLC) on 
silica gel plates indicated that the ether solution contained 
at least two, closely-chromatographing compounds. Both 
compounds showed inhibitory activity in the cress seed 
germination bioassay. This result supported the previous 
indication from the preliminary studies, using paper 
chromatography, that suggested the presence of at least two 
inhibitors. 
Cress seed germination bioassays on the ether 
fraction showed that a further loss of inhibitory material 
had occurred at the expense of the increased purification. 
Column chromatography, together with the subsequent 
purification operations, resulted in a further reduction 
2 3. 
in inhibitory material, indicated by cress seed germination 
bioassays to be of the order of 30%, 1.e. 70% of the inhibitor 
was retained. This, along with the earlier 30% inhibitor loss 
makes an overall loss at this stage of about 50%. 
The impure ether fraction obtained was not suitable 
for chemical structure determination studies. Further 
purification and isolation of the active constituents was 
needed and this depended on an empirical approach using 
various techniques. Details of some of the unsuccessful 
attempts at component isolation, following the discovery 
that more than one inhibitor-was definitely responsible for 
inhibitory activity, are now given. Such attempts are 
represented by the broken line in Fig. 1. 
The first of these attempts involved the use of 
alumina column chromatography. 
Preliminary trials, with a sample of the inhibitory 
ether extract, indicated that a small column of active 
aluminium oxide (neutral) effectively removed the bulk of 
the contaminating compounds without destroying inhibitor 
activity. However, if a sample of the extract was 
subjected to prolonged contact with alumina appreciable 
decomposition of the inhibitors occurred. Hence the alumina 
column was useful for purifying the inhibitors but inadequate 
for inhibitor separation since decomposition of the 
inhibitors occurred on large scale columns. 
24. 
To avoid protracted contact with alumina, a small 
column (1.5cm diameter) was packed with 100g of alumina 
wetted with diethyl ether. The ether extract was added to 
the column, eluted with diethyl ether and five fractions 
collected. A sixth fraction was collected using a mixture 
of diethyl ether and methanol (1:1) as solvent. 
Following solvent evaporation, the weights of the 
crystalline precipitates from the 6 fractions, in order of 
collection, were: Sg, llg, llg, l.Sg, lg and O.Sg (Total 
30g). All fractions were free from coloured impurities. 
The next technique used in an attempt to separate 
the inhibitors was vapour phase chromatography (VPC) on 
various support mediums. VPC was unsatisfactory because 
decomposition always occurred, even when the lowest 
possible temperatures conducive to successful VPC were used. 
Following this, attempts to separate the inhibitors 
using counter-current crystallisation were undertaken. This 
technique is useful for separating two compounds that differ 
in their solubility in a particular solvent. The 6 fractions 
from the alumina column were dissolved, in separate flasks, 
in warm cyclohexane. The first flask (Flask 1) contained 
the crystals (O.Sg) eluted from the column by the ether-
methanol solution. Flask 2 contained the crystals (lg) from 
the last ether fraction eluted from the co lumn. Flask 3 
contained the crystals (1.5g) from the previous ether 
fraction and so on, until Flask 6 which contained the 
crystals (5g) from the first fraction eluted from the 
alumina column. 
After allowing the cyclohexane to cool, 
crystallisation occurred and the supernatant from Flask 6 
was transferred to a new flask (Flask 7). The solution 
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in Flask 7 was concentrated (water bath, 45°C) and allowed 
to recrystallise. The supernatant from Flask 5 was 
transferred to Flask 6 and warmed to dissolve the crystals. 
This procedure was repeated along the line of flasks until 
Flask 1 (the supernatant from which was transferred to 
Flask 2), where the crystals -were dissolved in fresh 
cyclohexane. 
This whole procedure was repeated a further 8 
times, until there were 15 flasks. Flask 15 contained the 
highly cyclohexane-soluble compounds whereas the highly 
cyclohexane-insoluble compounds were becoming purified in 
Flask 1. Thus a gradation of increasingly cyclohexane 
soluble compounds was established from Flask 1 to Flask 15. 
Using such a technique it was hoped to eventually reach a 
stage where one compound was pure in Flask 1, while another 
was pure in Flask 15. 
The crystals in each flask were periodically 
examined by measuring their melting points and running TLC 
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plates. The melting point of crystals in Flask 1 gradually 
increased from 125°C to 160°C. Meanwhile, the melting 
point of the crystals in the last flask gradually decreased 
from 115°C to 100°C. However, there was still a broad range 
in the melting points of crystals between Flask 1 and Flask 
15 and since samples from all flasks showed two spots with 
TLC on silica gel it was assumed that complete separation 
had not occurred. 
The next attempt at inhibitor separation involved 
extensive experimentation with thin layer chromatography 
(TLC) on different support mediums with a wide variety of 
solvent systems. The most efficient method discovered 
involved chromatography on silica gel plates with methylene 
chloride as solvent. Using this system it was possible to 
distinguish two separate spots running very close to each 
other, (Rf ~0.10 and 0.15). Viewing of these chromatograms 
was carried out under short wave ultraviolet light, the 
compounds appearing dark blue against the fluorescent 
yellow of the Merck silica gel HF 254+366 . 
Attempts to recover each compound from the plate 
and re-run the compounds separately on another silica gel 
plate invariably resulted in the appearance, once again, 
of two spots on the chromatogram. This indication of 
isomerisation was confirmed by two-dimensional TLC on 
silica gel plates, whereupon four spots were observed. 
Although isomerisation could be reduced by running 
the plates in a darkened cold room (- 10 ° C) , isomerisation 
was not entirely prevented and appear s to b e due to 
contact with the si l ica gel. 
27. 
TLC has been used previously as a test for purity 
in such isolation techniques as counter-current crystallisation. 
It must now be considered possible that counter-current 
crystallisation is a viable means of separating the inhibitors. 
TLC on silica gel was subsequently abandoned as a 
method of separating the two inhibitors and the next attempt 
at component isolation involved sublimation of the inhibitory 
material under reduced pressure. Sublimation involves the 
direct conversion of vapour to solid without the intervention 
of liquid. 
Using the normal apparatus for sublimation under 
reduced pressure (Vogel 1956), with a cold finger cooled 
by liquid nitrogen, a sample of the inhibitory compounds 
was sublimed (pressure= 0.002mm Hg). Upon gently heating 
with an oil bath, sublimation fractions were collected over 
a range of bath temperatures. 
Partial component separation was obtained and this 
may be a useful means, with further ref i nements, of 
separating the inhibitors. At this stage of the work, 
cellulose column chromatography was found t o be a most 
successful means of separating the inhibitors. Therefore 
full attention was diverted to discovering the most suitable 
stationary and mobile phases for inhibitor separation on 
a cellulose column. 
The previously outlined unsuccessful attempts to 
separate the inhibitors resulted in a reduction of the 
inhibitory material to 12g. This loss can probably be 
largely attributed to decomposition of the inhibitors, for 
example during VPC or during contact with alumina, silica 
gel or merely with the air. 
Because of the difficulties experienced with 
silica gel and alumina, cellulose columns were employed. 
Trials on small scale columns using ethylene glycol and 
water (4:1) as the stationary phase, with cyclohexane as 
the mobile phase, gave complete component separation. The 
different components were monitored by using their ultra-
violet (UV) absorption spectra as an assay, in conjunction 
with the normal cress seed germination and mung bean 
rooting bioassays. 
28. 
A large scale column was prepared by packing 1.3Kg 
of cellulose powder (Whatman Standard Grade), impregnated 
with ethylene glycol and water in cyclohexane, in the same 
glass tube (150cm x 6.7cm diameter) mentioned previously. 
The size of the packed column was 132cm x 6.7cm diameter. 
About lg of inhibitory material was dissolved in 
cyclohexane (50ml), loaded on the column and eluted with 
cyclohexane. Using a fraction collector, approximately 
29. 
220 cyclohexane fractions (50ml eac h) were recovered from 
the column. Every second fraction was assayed by measuring 
its UV spectrum. A plot of fraction· number versus maximum 
absorption intensity indicated the degree of separation of 
the various UV-absorbing components . It was also necessary 
to bioassay the fractions that did not exhibit UV spectra 
in case an active compound that does not absorb light in 
the UV region of the spectrum was present. Concentration 
of these fractions to complete solvent elimination followed 
by cress seed germination bioassays on the residue indicated 
that no such compounds were present. 
Examples of the fraction number versus optical 
density plots for a column run giving good component 
separation (Column II) and of a column run with poor 
separation (Column III), are shown in Figs.2 and 3 respectively. 
Superimposed on these graphs are histograms showing fraction 
number versus percentage germination (20 seeds) obtained from 
cress seed germination bioassays. These bioassays were 
performed with a sample from 5 consecutive fractions (1-5, 
6-10, 11-15, 16-20 etc.) from the column making up one test 
solution. 
After elution with cyclohexane, the mobile phase 
was changed to diethyl ether and 50 ether fractions collected. 
The ether soluble fractions were evaporated to dryness and 
kept separate. The ether eluates appeared t o contain only 
one compound (TLC with various solvents), also an inhibitor 
(see Fractions 240-290 in Figs. 2 and 3). The lack of 
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asymmetry . in the curves of biological activity for each 
inhibitor suggested that a single compound was responsible 
for each of the three active zones of the column. 
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Following each run it was necessary to replenish 
the column with the ethylene glycol eluted from the cellulose 
by ether, before re-running the column. The ethylene glycol 
was replaced by washing two bed volumes of cyclohexane 
saturated with ethylene glycol through the column. 
Six column runs, varying . in efficiency, were 
carried out, loading about lg of inhibitory material on the 
column each time. 
Because of the reasonable reproduction between 
columns, the compounds chromatographing at similar Rf values 
(similar fraction numbers) in each of the six runs were 
combined. 
The different compounds were bioassayed, using the 
mung bean rooting in addition to the cress seed germination 
bioassay, and the presence of three inhibitory compounds was 
verified. These active compounds were present in the 
cyclohexane fractions 100-130 and 130-180 and in the ether 
fractions. The compound eluted rapidly_from the column 
(responsible for the peak at about fraction number 50 in 
Fig. 2) was non-inhibitory. 
For final purification, the two cyclohexane-soluble 
active compounds were re-run separately on the cellulose 
column. The degree of purity of the inhibitors recovered 
from these column runs can be seen from their fraction 
number versus optical density plots shown in Figs. 4 and 5. 
31. 
The three active compounds were named, in order of 
their elution from the cellulose column, Gl, G2 and G3, 
the 'G' being derived from 'grandis' in order to distinguish 
these inhibitors from other inhibitors that may be isolated 
from different Eucalyptus species. 
Inhibitors Gland G2 were recrystallised from warm 
cyclohexane. The ether soluble inhibitor, G3, was 
recrystallised from warm benzene. 
The three pure inhibitors were investigated by 
recording their mass spectra, infrared spectra, ultraviolet 
spectra and nuclear magnetic resonance spectra. 
Measurements were also taken of their melting points, 
optical activity, TLC behaviour and other chemical properties. 
X-ray crystallography was carried out on inhibitor 
Gl by Dr. M. Sterns*. 
The isolation of the active ~ompounds from extracts 
of adult E. grandis leaves presented difficulties, the most 
outstanding being: 
* Chemistry Dept., S.G.S., A.N.U., Canberra. 
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The instability of the inhibitors, particularly 
under basic conditions, which prevented the application 
of several chemical procedures towards inhibitor 
purification, such as basic extraction techniques and 
certain forms of adsorption chromatography, 
The similarity of the running properties of the 
three inhibitors in various chromatographic systems, and 
The rapid interconversion of inhibitors Gland G2 
under certain conditions. 
RESULTS AND DISCUSSION 
The spectral data, together with other chemical 
and physical properties of each compound, are presented 
using the nomenclature devised, following isolation, to 
identify each compound. 
33. 
The structure of inhibitor Gl (Fig. 6) was unequiv-
ocally established by Dr. M. Sterns using X-ray diffraction 
and this compound then served as a reference for the analysis 
of the physical and chemical data obtained for inhibitors 
G2 and G3. In order to facilitate discussion of the 
arguments involved, the final conclusions, in the form of 
proposed structures for G2 and G3, are anticipated in Figs. 
7 and 8. 
Inhibitors Gl, G2 and G3 
Inhibitor Gl, the first active fraction eluted 
from the cellulose column, recrystallised from cyclohexane 
yielding colourless crystals, melting point (m.p.) 98.5°C. 
Approximately 1.2g of this inhibitor was recovered from the 
cellulose column. Thin layer chromatography (TLC) of Gl on 
silica gel plates, with methylene chloride as solvent, gave 
rise to two spots (Rf - 0.10 and 0.15). _ Rechromatographing 
the silica gel p~ate in a direction perpendicular to the 
initial run gave a two-dimensional chromatogram exhibiting 
four spots when examined under short wave UV light (Fig. 9). 
This demonstrated that isomerisation had occurred and explains 
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why earlier attempts to isolate pure compounds using TLC on 
silica gel plates were unsuccessful. 
Inhibitor G2 also gave four spots following two 
dimensional TLC on silica gel, the spots travelling at the 
same Rf values as observed for Gl. TLC of inhibitor G3 on 
silica gel failed to detect any signs of isomerisation. 
• • 
•• 
) 
S - starting point, or origin. 
Arrows indicate direction 
of solvent flow with each 
run . 
Fig. 9. Sketch of a two dimensional chromatogram of 
inhibitor Gl run on a silica gel plate with 
methylene chloride as solvent. The spots 
indicating the four compounds were visible 
under short wave UV light. 
Inhibitor G2, the second active fraction eluted 
from the cellulose column, recrystallised from cyclohexane 
yielding colourless crystals, m.p. 127-8°C. About 1.4g 
of this component was recovered from the chromatography 
column. 
Inhibitor G3, the active fraction eluted from the 
cellulose column· with diethyl ether, recrystallised from 
benzene to yield colourless crystals, m.p. 169-171°C 
(decamp.). Approximately 3g of this component was recovered 
from the cellulose column. Inhibitor G3 is optically 
inactive. 
All three inhibitors travel at Rf 0.9 during 
descending paper chromatography with the solvent used in 
the original studies of Paton et al. (1970), namely iso-
propanol : ammonia: water :: 400 : 1 : 99. 
X-ray crystallography of inhibitor Gl 
35. 
The technique of X-ray crystallography has recently 
expanded into the structure determinat i on of molecules of 
small size (Hamilton 1970). Such studies lead to complete 
structure determination of the molecule, mean i ng the 
location of each atom to a very fine precision so that the 
conformation of the molecule i s known, at least in the 
crystal lattice. 
Inhibitor Gl was subjected to X-ray crystallography 
and analysis of the data gave the stereochemical projection 
shown in Fig. 6 for Gl (Sterns in press). 
The compound is racemic, as was indicated by the 
centrosymmetric unit cell (space group P2 1/c); the optical 
inactivity of inhibitor Gl was verified experimentally. 
Various other spectral data obtained for Glare 
in complete agreement with this structure and are discussed 
below. 
36. 
Infrared spectra of inhibitors Gl, G2 and G3 
-1 -1 Absorption from about 5000cm to 1250cm of the 
infrared (IR) spectrum is generally associated with changes 
in the vibrational states of the various bonds and is 
relatively characteristic of the types of bonds present. 
-1 -1 Absorption bands between 1250cm and 650cm are generally 
associated with complex vibrational and rotational energy 
changes of the molecule as a whole and are quite character-
istic of particular molecules. This part of the spectrum 
is known as the "fingerprint" region and is extremely useful 
for determining whether samples are chemically identical. 
Useful tables of some characteristic IR absorption 
frequencies are given by Bellamy (1958). 
In accord with - current practice the IR spectra 
-1 given here are linear, in wave numbers (~cm ) . To convert 
wave numbers - to wavelength (\) in microns, the relationship 
The IR spectra of the inhibitors Gl, G2 and G3 were 
run with a finely ground suspension of the crystals 
Nujol mull, between two sodium chloride discs. 
. in a 
The maJor features of the IR spectrum of Gl (Fig.10) 
-1 include a broad band at 3380cm , typical of an alcoholic 
hydroxyl group. The carbonyl and carbon-carbon double bond 
stretching region is a little more complex; the peak at 
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Fig. 10. IR absorption spectrum of inhibitor Gl ( Nujol) . 
-1 1715cm represents a saturated ketone on a six-membered 
-1 -1 
ring and the peaks at 1690cm and 1635cm represent an 
a, S-unsaturated ketone system. -1 The peak at 1690cm is 
due to the carbonyl group, while the conjugated carbon-
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-1 
carbon double bond is responsible for the peak at 1635cm . 
The region of the IR spectrum of inhibitor G2 
(Fig. 11) between 5000 and 1500cm-l is similar to that of 
inhibitor Gl (Fig. 10). There are only slight shifts in 
the wavenumber of the bands in this region and the same 
groups are responsible for the corresponding peaks. Hence, 
inhibitor G2 also contains an hydroxyl group, a saturated 
carbonyl group and an a, S-unsaturated ketone group. 
Comparing the fingerprint region of G2 with that 
of Gl reveals that many peak positions are the same, only 
varying in relative intensities. 
Generally, there are very few peaks exclusive to 
the IR spectrum of Glor G2, indicating broad similarities 
in the structures of Gland G2. 
The IR spectrum of inhibitor G3 (Fig. 12) is also 
similar to that of Gl but differs in having a very sharp 
hydroxyl band at 3500cm-l (Gl has a broad band at 3380cm- 1 ). 
The sharpness of this peak indicates the presence of an 
unbondable hydroxyl group in inhibitor G3 and raises the 
remote possibility of the presence of an open chain peroxide. 
Whereas inhibitors Gland G2 both appear to possess an 
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appreciable amount of intermolecular hydrogen bonding. 
The IR spectra of Gland G3 correspond closely in 
-1 the 1750 to 1600cm region, indicating that G3 also contains 
an unconjugated carbonyl group and an a , B-unsaturated ketone. 
The fingerprint regions of the two compounds Gland G3 have 
a considerable number of comparable peaks, suggesting a 
broad degree of similarity between Gland G3. 
Hence, the IR spectra of inhibitors Gl, G2 and G3 
show considerable similarities, indicating basic resemblances 
in the structures of the three inhibitors. 
Ultraviolet spectra of inhibitors Gl, G2 and G3 
The ultraviolet (UV) spectra of all three inhibitors 
are similar and will be discussed together. 
Absorption of visible and UV light produces changes 
in the electronic energy of molecules associated with 
excitation of an electron from a stable to an unstable orbital. 
The transition of the electron is accompanied by vibrational 
and rotational changes in the molecule. It is not usually 
possible to resolve the resulting absorption bands well 
enough to observe the fine structure in the spectrum due to 
vibration-rotation transitions and consequently absorptions 
due to electronic excitation are relatively broad. 
Wavelengths at which absorption maxima occur (A ) 
max 
for various chromophoric systems are given by Rao (1961) 
and Gillam and Stern (1958). 
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The UV spectra of the three inhibitors, obtained 
in 90% ethanol solutions {Fig. 12a), are summarised in Table 
3. 
Inhibitor A 
max 
Gl 2 4 lmµ 7440 
G2 242mµ 7200 
G3 2 4 Omµ 7300 
( E: lS the molar extinction coefficient) 
Table 3. Analysis of UV spectra of inhibitors Gl, G2 
and G3 as measured -in 90% ethanol. 
The molar extinction coefficient E: is a measure of 
the absorption efficiency at the wavelength A • 
max 
Since the 
amount of absorption is proportional to the concentration 
(c moles/litre) and thickness of the sample (1cm), E: is 
obtained from the equation 
1 
E: -
cl 
Io 
loglO I 
where Io/I is the ratio of intensity of incident light Io 
to transmitted light I. 
Hence, using the extinction coefficient values, the 
amount of a particular inhibitor in a solution containing 
no compounds that interfere with the UV spectrum of the 
inhibitor can be readily calculated from the UV spectrum 
of the inhibitor solution. 
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Fig. 12a . Ultraviolet spedra of Gl, G2 and G3, measured in 90% ethanol. 
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The A values for Gl, G2 and G3 are in good accord 
max 
with the A values expected for Gl using the tables of 
max 
Williams and Fleming (1966): 
Base value for an a, B-unsaturated, 6-membered 
ring, ketone 
Increment for one a-alkyl substituent (including 
ring residue) 
Increment for one B-alkyl substituent (including 
ring residue) 
Increment for the exocyclic nature of a double 
bond 
Expected A for inhibitor Gl 
max 
215mµ 
+ lOmµ 
+ 12mµ 
+ Smµ 
2 4 2mµ 
Based on the similarities between the UV spectra 
of inhibitors Gl, G2 and G3, all compounds probably contain 
~De same chromophoric system. 
According to Williams and Fleming (1966) a, B 
-unsaturated ketones should show a solvent shift of llmµ 
to the red in their UV spectra (i.e. Amax) on changing the 
solvent from ethanol to cyclohexane. Now the A values 
max 
for Gland G2 (G3 not eluted with cyclohexane from the 
cellulose chromatography column) in cyclohexane were 
approximately 237mµ (Figs. 4 and 5), representing a shift of 
4 or Smµ away from the red, to the blue, compared to their 
A values in ethanol. This suggests that, since both 
max 
Gland G2 are a , B-unsaturated ketones (Gl known to be by 
X-ray crystallography and G2 exhibits similar UV and IR 
spectra in the critical regions), there is some hindrance to 
salvation of the chromophoric system and this is probably 
I 
related to the stereochemistry of the molecules. 
Interconversion of inhibitors Gland G2 
Similarities between the behaviour of inhibitors 
Gland G2 during two dimensional TLC led to further 
investigations into the isomerisations that were obviously 
occurring. 
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Since the most suitable assay for differentiating 
between inhibitors Gland G2 appears to be NMR spectroscopy, 
samples were prepared of Gland G2 in separate NMR tubes 
using buffered (pH8) methanol solutions as solvent. The 
NMR spectra were measured immediately and again after two 
days. The changes in the spectra of Gland G2 were 
substantial and fully consistent with the interconversion 
of inhibitors Gland G2. 
Before interpreting this interconversion it is 
beneficial to introduce some terminology to denote 
configuration about an asymmetric centre. The Cahn-Ingold-
Prelog convention (see Eliel 1962) was adopted and is used 
in Fig. 21 to show the probable mechanism for interconversion 
of Gland G2. 
Hence, 
3 (S), 10 (S) - Gl 3 (R), 10 (R) - Gl 
3 (R) , 10 (S) - G2 3(S), lO(R) - G2 
4 2. 
This interconversion would explain the difficulties 
encountered in attempts to separate the inhibitors using 
TLC on silica gel, isomerisation between Gland G2 taking 
place on the silica gel. 
The variation in cellulose column efficiency may 
also be attributed to this interconversion phenomenon. 
It was observed that some cellulose column runs (see Fig. 3) 
produced very poor separation of Gl from G2 and this was 
originally thought to be due to overloading the column. 
However, a check of the column runs revealed that the 
inefficient runs were those eluted over a protracted period 
of time. Presumably these time lapses were , sufficient 
for isomerisation between Gland G2 to occur and led to the 
merging of the inhibitor Gland G2 fractions. 
If the structure proposed for inhibitor G2 (Fig. 7) 
is correct, then it would be expected that inhibitors Gland 
G2 would be interconvertible by random, reversible hemi-
acetal formation. Using NMR spectroscopy as an analytical 
tool, conclusive evidence for this reversible interconversion 
was obtained. 
The demonstration that inhibitors Gland G2 are 
interconvertible, taken in conjunction with the broad 
similarities in the IR, UV and mass spectra (see pp. 48-50) 
of these two inhibitors, is substantial evidence in favour 
of the proposed structure of inhibitor G2 (Fig. 7). 
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Hence, inhibitors Gland G2 have the same structural 
formulae but differ in the arrangement of their groups in 
space, i.e. they are diastereomers. 
Inhibitor G2 is also optically inactive, the 
crystals being a racemic mixture of the enantiomer shown 
in Fig. 7 and its mirror image. 
Nuclear magnetic resonance spectra of inhibitors 
Gl, G2 and G3 
Nuclear magnetic resonance (NMR) spectroscopy, the 
theory of which, has been .. full¥ .covered. in the literature 
(e.g. Pople, et al. 1959), has been used extensively in 
recent years for structure determination. This technique 
is especially useful for organic molecules with a limited 
number of protons of widely differing types. In this 
respect, NMR spectra of the E. grandis inhibitors Gl, G2 
and G3 were difficult to interpret fully due to the presence 
of the large number of methyl protons at similar chemical 
shift. Also, the absence of spin splitting, except for the 
ethyl group, means that any analysis attempted must rely 
on chemical shift interpretation. 
The NMR spectra of Gland G2 were measured in 
carbon tetrachloride, while the NMR spectrum of G3 was 
measured in deuterated chloroform (CDC1 3 ) because of the 
greatly increased solubility of G3 in this solvent compared 
to its solubility in carbon tetrachloride. However, the 
44. 
NMR spectrum of G3 was also measured in carbon tetrachloride, 
for comparative purposes, and the T values for G3 in carbon 
tetrachloride are given in Table 4. 
The NMR spectra -of inhibitors ~Gl~ G2 and G3 (Figs. 
13, 14 and 15 respectively) are basically ve~y similar. 
The broadening of the methylene peaks at - 8.25 T in the 
spectra of Gland G2 is due to the proximity of an asymmetric 
environment. The nature of these peaks implies that Gland 
G2 are represented by an AA 1 x3 system and not an A2x3 system. 
There is no methylene peak in the spectrum of G3 (no ethyl 
group). 
Interpretation of the low-field signals in the 
60 MHz NMR spectra of inhibitors Gl, G2 and G3 is relatively 
simple. The singlet peak at 2.79 - 2.91T, present in the 
NMR spectrum of each inhibitor, is consistent with the 
presence of an olefinic proton in the S position of an a, S 
-unsaturated ketone. Also, the NMR spectrum of each inhibitor 
shows the presence of one hydroxyl proton (peak at 6.00 -
6.24T, exchangeable with deuterium). 
Before further peak assignment, it is useful to 
introduce nomenclature for representing the absolute 
configuration of the inhibitors. The nomenclature adopted 
is similar to that used for steroid configurations, the groups 
pointing in the direction of the hydroxyl group are arbitrarily 
assigned the trivial stereochemical prefix S, whereas the 
groups pointing in the opposite direction are called a . 
0 
·o A = relative area 
PROTON INHIBITOR Gl INHIBITOR G2 INHIBITOR GJ 
r A r A r A 
4-CH 2.91 1 2.87 1 2.79 1 
OH 6.10 1 6.00 1 6.24 1 
3-f.,-CH CH 
_ 2 3 8.29 2 
J-0<-CH CH 
_ 2 3 8.34 2 
3- oc-CH 3 8.56 3 8.48 3 
3-/9-CH3 8. 71 3 8.61 3 
not assigned 1 8.70 6 8. 73 6 8.65 9 
8.74 3 8 .76 3 
9- O(-CH 3 8.99 3 9.02 3 9.00 3 
3- O(-CH 2C~3 8 . 97 3 
J-{3-CH CH 2 _3 9.02 3 
Table 4 . NMR peaks of inhibitors Gl, G2 and G3. 
0 2 3 4 s 6 7 8 9 10, 
Fig.13. N.m.r. spectrum of inhibitor Gl at 60 MHz. Chemical shifts are relative to tetramethylsilane , (CH 3 ) 4 Si or TMS=lO·OO T. 
0 2 3 4 5 6 7 8 9 
Fig. 14. N.m.r. spectrum of inhibitor G2 at 60 MHz relative to TMS, 10.00 i. 
0 1 2 3 4 s 6 7 8 9 10T 
Fig. 15. N.m.r. spectrum of inhibitor G3 at 60 MHz: relative to TMS, 10.00 r. 
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It should be noted that the designations a and S have nothing 
to do with the axial or equatorial nature of the substituent. 
The opportunity is also taken to introduce a 
numbering system for the atoms in the fused rings - see 
diagram in Table 4. 
Using these nomenclatures, inhibitor Gl (Fig. 6) 
is 3S- ethyl - 3a - methyl and the 3S - CH 2 (split quartet) 
of Gl absorbs at 8.29T. Now, an alkane CH 2 should absorb 
at 8.80T (Silverstein and Bassler 1967), therefore it has 
been deshielded in Gl by 0.51T. Thus a CH 3 in this position 
should absorb at [9.15 (Silverstein and Bassler 1967) - 0.51=] 
8.64T approximately. 
Examination of the NMR spectra of G2 and G3 
reveals that G2 shows a CH 3 (methyl) singlet at 8.71T , while 
G3 shows a methyl singlet at 8.61T. These are the 3S - CH
3 
signals (see Table 4). 
Inhibitor Gl also shows a methyl singlet at 8.56 T 
which (using Shoolery's rules) is the 3a - CH
3
. This signal 
is not present in the NMR spectrum of G2 (no 3a - CH
3
) but 
G3 shows such a methyl singlet at 8.48T . These are the 
3a - CH 3 signals. 
The absence of a signal at 8.56 T is the main 
feature distinguishing the NMR spectrum of G2 from that of 
Gl. This signal proved very useful in the NMR analysis of 
nu 
I 
I 
'I 
II 
11 
I· 
'~ 
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the interconversion of Gland G2. 
Shoolery's rules (Dailey and Shoolery 1955) allow 
approximate T values to be obtai ned for a substi tuted 
methylene group by subtracti ng appropria t e shi eldi ng 
constants, for the particular subst i tuents, from the T 
value of methane. 
Using these rules, the methyl s i nglet at 8.56 T 
in Gl was considered due to the 3a - CH
3 
thus: 
-0.15 ) 
) 
R~~C= 
) 
) ( 9. 15 
- 0.50)= 8.65 T ) ~c~ ) 
9.15 CH O~~ ) -3 ) 
-0.35 
All three inhibitors show a methyl s i nglet at -
9.00 ± 0.02 T which always shifts upfield by 0.18 - 0.22 T 
in benzene (NMR spectra in benzene not shown). Th i s signal 
must be due to one of the c 7 or c9 methyls common to all 
inhibitors. Applying Shoolery's rules to the methyls 
attached to both the c7 and c9 atoms g i ves: 
47. 
-0.2 
-0.2 
R C 0 
/ ..._ 8.75 T 
C 
/ ..... 8.95T 
CH 3 C=O 
9.15 
-0.2 
0 
Clearly a T value of 9.0 is too high for the c
7 
methyls, indicating that the signal at - 9.00 T in the NMR 
spectrum of each inhibitor is due to one of the c
9 
methyls. 
Examining the conformation of Gl it is seen that the 9a -
methyl is shielded by the conformationally fixed peroxide 
linkages. The 9S-methyl is similarly shielded but to a 
lesser extent. However, the 9S-methyl is deshielded by 
the hydroxyl group and, therefore, the high field c
9 
methyl signal is due to the 9a-methyl. 
It is futile to consider the residual methyls 
grouped around 8.6 - 8.7 T . Syncarpic acid has all the 
methyls equivalent (8.67 T) but X-ray diffraction shows that 
the axial/equatorial relationships are imperfect in Gl so 
it is not surprising that the methyls are closely congregated. 
The NMR results are summarised in Table 4. 
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Mass spectra of inhibitors Gl, G2 and G3 
Structure determination o f organic compounds by 
mass spectrometry involves the anlaysis. of charged part i cles 
produced by bombarding molecules of the compound with a beam 
of medium-energy electrons in high vacuum (Williams and 
Fleming 1966). 
Mass spectrometry relies on . the production of a 
beam of posit~ve ions from sample molecules, M, by removal of 
single electrons with the ionising electrons, according 
to the reaction 
M: e M+. + 2e 
Depending on the energy imparted to the species 
M+. by the ionising electron it will rearrange or break down 
into fragment ions and free radicals (or neutral molecules). 
For example: 
M+. ~ A.+ B 
where A+. is a radical ion and Ba neutral molecule 
or M . 
-+ 
+ 
where A is an ion and B" a free radical. 
The fragment ions can also rearrange or dissociate. 
A summary of the reactions which may occur has been given 
by McLafferty (1959). 
The mass spectrum of inhibitor Gl is shown in 
Fig. 16. The accurate mass, obtained by high-resolution mass 
spectrometry, for Gl is 282.14676 (see Appendix 1 ) , which is 
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consistent with the empirical formula c 15H22 o5
. The 
accurate masses (and hence the empirical formulae) of the 
other peaks in the mass spectrum of Gl were also obtained 
(see Appendix 1) and from this data, together with knowledge 
of the metastable peaks, the cracking pattern was determined. 
The cracking pattern of Gl (Fig. 17) shows two 
initial , successive losses of oxygen atoms, in addition to 
concerted o2 loss, from the parent peak m/e = 282) to give 
peaks at m/e 266 and 250 (Fig. 16). These two oxygen losses 
are from the peroxide linkage. The loss of co 2 may be via 
a Baeyer-Villiger type rearrangement as shown in Fig. 17a. 
Other fragment losses are also illustrated in Fig. 17a. 
The mass spectrum of inhibitor G2 (Fig. 18) bears 
an extremely close resemblance to that of inhibitor Gl 
(Fig. 16). The major peaks occur at the same mass values 
and the only difference is a slight alteration in the 
relative heights of a few peaks. 
Examination of the high resolution mass spectrum 
of G2 (see Appendix 1) gives an empirical formula of 
c15H22 o5 for G2 and shows that the same cracking pattern 
can be applied to G2 as was appl ied to Gl (Fig. 17). The 
marked similarity in the mass spectra of - the two inhibitors 
Gland G2 indicates an essentially similar structure with 
perhaps an alteration in the stereochemistry of a few groups. 
The mass spectrum of inhibitor G3 (Fig. 19) shows 
F --=--. ~ ~-- _-=:_ 
~ 
c15H22o3 (250) ~ 
m* 
-02 
221.63 
-CH 3 
~------~ C H O (235) 14 19 3 
-CH 2 5 ) C H 
m* 195 3 13 1703 (221) 
• 6 
-DMK 
·+ C H 
m* 129 ll 16°3 (180} 
.60 
-CH3 Im* 151. 25 
w 
Cl0Hl303 (165) 
:_..:;--~-==·-~ ~-....: 
-co 2 C H O (282) ------------~ C H O (238) 15 22 5 · 14 22 3 
-CH 3 
~--------~ C H O (267) 14 19 5 
-0 
~--------~ C H O (266) 15 22 4 
-CH 2 5 
> C H 
m* 226.
98 
13 17°5 (253) 
-DMK 
~ C H 
m* 159.41 11 1604 (212) 
-CH 3 ) C H 
m* 208.9 5 13 19°3 (223) 
-C2H5 
~ c12H17o3 (209) 
m* 183.53 
-DMK 
L ) C H 
m* 118.5 7 10 16°2 (168) 
·---.~.-
Fig. 17. Cracking pattern of inhibitor Gl. Values in brackets refer to molecular weights. 
Empirical formulae of all ions were determined by high resolution measurement. 
Metastable transitions (m*) were within 0.1 of calculated values. DMK represents 
dimethyl ketene . 
),. 
.. 
·-llt 
C 
G> 
.. 
C 
t 
·-.. 
0 
"i 
~ 
100 43 
139 
209 
50 
167 
I 
153 
I I 
111 123 
I I I l1 
181 195 
I. 
223 
238 
o· • 1111111 ,,,,,,,,,,, , ,,,,,,,,, wt,1111: 1ew11,., 1,1111111,,, 1,1111111 1111111, 11111111 ,,,IJIIIU, ,,111111, 1slll J , , I IIJ I ,1,m .,L 1 • I , I I I 
250 266 282 
'""'I' ,,,,,,,, 1111 Ill II I ,,,1 , - IAHf • C I llfl 11111 ••• • .  . - ---, "'"" I 80 100 120 140 160 180 200 220 240 260 280 40 60 
m/e 
Fig . 18. Mass spectrum of inhibitor G2 . 
).. 
.. 
·-
"' C 
~ 
.. 
C 
~ 
> 
·-.. 
0 
-~ 
a.. 
100 43 
50 
o I H ,,1111111 ,1,1,111111 ,,Ulllll1i,,.l,l1f 1II, 1 I.If llf.,, . ,.lflll(f.. ,11f11I. 40 60 80 100 120 
Fig. 19 . Mass spectrum of 
139 
164 181 
154 , , ,, 209 I .I 
224 
221 
236 
._If f 111, . .I.I.II, . ,1111 . .. I II, II I I I I 252 268 e I,,. . I 
140 160 180 200 220 240 260 280 
m/e 
inhibitor G3 . 
C H -0 14 2003 (236).- 2 
-•- - - - - -
-CH3 
m* 206. 95 cl3Hl 7°3 (221) 
-DMK 
C H o 
m* 116. 76 101 14 3 (166) 
-CH3 Im* 137. 36 
C9H11o2 (151) 
-co C H O (268)------2----~ C H O (224) 14 2 0 5 · 13 2 0 3 
-CH 3 
7 C H 
m* 238.84 13 1705 (253) 
-0 
--------~ C H O (252) 14 20 4 
-DMK 
+ C H 
m* 146.28 10 14°4 (198) 
-CH 3 
--------~ C H O (209) 12 17 3 
-DMK 
--------~CH O (154) 9 14 2 
Fig. 20 Cracking pattern of inhibitor G3. Values in brackets refer to molecular weights. 
Empirical formulae of all ions were determined by high resolution measurement. 
Metastable transitions (m*) were within 0.1 of calculated values. DMK represents dimethyl ketene. 
a similar cracking pattern (Fig. 20) to that of inhibitor 
Gl (Fig. 17 ) for the initial fragment losses, except that 
the mass peak of G3 is 268 (Gl, 282). The mass peak of G3 
was measured accurately using high resolution mass 
spectrometry (see Appendix 1) and corresponded to an 
empirical formula of c14H20o5 . The cracking patLern of 
G3 shows no loss of c 2H5 (as did Gland G2J. Below a 
molecular weight of 140, the mass spectra of Gl, G2 and 
G3 are almost indistinguishable . 
Summarising the analys is of the spectral 
properties of Gl, G2 and G3: 
1. The structure of Gl Fig. 6 ) was unequivocally 
established by X-ray crystallography. 
2. The structure of G2 (Fig. 7) was i ndicated by a 
comparison of its spectral properties with those 
of inhibitor Gland confirmed by the demonstration 
that Gland G2 are interconvertible. 
3. The structure of G3 Fig. 8) was indicated by 
comparing the IR, UV and mass spectral properties 
of Gland G2 with G3. The NMR spectral comparisons 
confirmed this structure . 
Decomposition of inhibitors Gl, G2 and G3 
Apart from the known decomposition of the three 
inhibitors when subjected to alkali, it appears that the 
inhibitors a lso break down in aqueous solutions. 
so. 
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Aqueous and 90% ethanolic solutions of inhibitors 
-4 Gl, G2 and G3 were prepared at 10 M concentration and 
assayed on the UV spectrometer for A and extinction 
max 
coefficient values. 
Repetition of the assay, using the same solutions, 
two weeks later revealed a marked drop in the intensity 
of the original peak (237mµ) in all solutions. The drop 
in the optical density at 237m µ represented a decrease in 
inhibitor level of in the vicinity of 60%. In addition to 
the decrease in intensity of the 237mµ peak, all UV spectra 
showed a new peak at 260mµ , the aqueous solutions exhibiting 
a more intense 260mµ peak than the ethanol solutions. The 
60% decrease in inhibitor level indicated by the UV assay 
was verified by a similar percentage loss in bioassay 
activity (cress seed germination bioassay). 
Hence, it appears that in the presence of water 
the inhibitors undergo decomposition to a non-active compound, 
which may be the same product in all cases. This observation 
may explain why inhibitory activity is not always recorded 
when solutions are prepared well in advance of their use in 
bioassays. Also, decomposition of the inhibitors presumably 
occurs in the aqueous test solutions used for bioassays. 
This breakdown of inhibitory material would appreciably alter 
the actual concentration of the inhibitors in test solutions 
and, especially during prolonged bioassays, may result in 
considerable underestimation of the activity of the inhibitors. 
Substantial decomposition of the inhibitors 
supposedly occurred during the extraction and isolation 
procedures. 
Under weakly alkaline conditions (pH 8-11) 
inhibitors Gland G2 have been shown to interconvert (see 
p . 41 and Fig. 21). Under similar conditions, inhibitor 
G3 showed no change (as measured by NMR spectroscopy). 
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When the three inhibitors were treated with strong 
alkali (pH >l4) there was an instantaneous reaction. This 
reaction was investigated using NMR spectroscopy. 
Immediately following the addition of strong alkali to 
solutions of inhibitors Gl, G2 and G3, .the NMR spectra 
changed appreciably. The high~field region of the spectrum 
of each inhibitor became considerably less confused and 
showed one singlet peak at 8.69T (syncarpic acid shows a 
singlet peak at 8.67T). In the low-field region of the NMR 
spectrum each inhibitor exhibited an aldehydic proton peak 
at 0 . 32T. This suggests that substantial degradation of the 
inhibitors had occurred, probably by a Michael addition at 
the c 4 atom as shown in Fig. 22. 
It is not possible, from the results, to determine 
whether the decomposition of the inhibitors under strongly 
alkaline (pH>l4) conditions is also occurring (at a slower 
rate) during the breakdown of the inhibitors under neutral 
(pH 7) conditions. 
0 0 0 4 
~ ~ ~ 
3 (SJ, 10(5)-Gl 3(5), 10(R )-G2 
Fig. 21 • Effect of weak base on Gl and G2 • 
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Fig . 22. Effect of strong base on Gl , G2 and G3 . 
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SMALL SCALE EXTRACTION OF THE INHIBITORS 
MATERIALS AND METHODS 
Bulk extraction of Gl, G2 and G3 was inefficient 
and involved loss of appreciable amounts of the inhibitors 
and hence no accurate estimate of the concentration of the 
inhibitors in the plant was possible. When considering 
possible roles of the inhibitors it is important to know 
the approximate endogenous inhibitor concentration. 
Accordingly, a small scale extraction was made utilizing 
the most efficient methods discovered during the large 
scale extraction. 
A sample of 500g fresh weight of leaves from an 
adult tree of E. grandis growing in Canberra was macerated 
in a Waring blender and thoroughly extracted with methanol 
(6 x 800ml). The residual leaf tissue contained no 
53. 
inhibitory material, as assayed by cress seed germination 
and mung bean rooting bioassays, and presumably the methanol 
had extracted the bulk of the inhibitors. 
The volume of the extract was reduced to 300ml 
aqueous solution on a rotary evaporator (35°C, reduced 
pressure). A 100ml portion of this concentrate was set 
aside for later bioassay. 
The remaining 200ml was extracted with light 
petroleum until the aqueous solution was free from detectable 
54. 
inhibitors (cress seed germination bioassay). The 
petroleum fraction was evaporated down to 50ml of 
concentrated extract (rotary evaporator, 30°C, reduced 
pressure) and chromatographed, using cyclohexane as solvent, 
on the same cellulose column used for inhibitor isolation 
during the bulk extraction. Two hundred 50ml cyclohexane 
fractions were collected from the column and assayed on 
the UV spectrometer. 
The eluting solvent was changed to diethyl ether 
and 150 50ml ether fractions collected and assayed on the 
UV spectrometer. A plot was made of optical density at 
237mµ versus fraction number, for the cyclohexane and ether 
fractions recovered from the column. 
As well as the UV assay, cress seed germination 
bioassays were performed with samples from 5 consecutive 
fractions 1-5, 6-10, 11-15, 16-20 etc. obtained from the 
column. The results of these bioassays are superimposed on 
the UV assay results (Fig. 23). 
The inhibitory cyclohexane and ether fractions 
were combined and evaporated to dryness on a rotary 
evaporator (35°C, reduced pressure) and re-dissolved in 
200ml of ether. 
In addition to the UV assay, a cress seed germin-
ation bioassay was used to establish the loss of inhibitor 
during petrol partitioning and cellulose column chromatography. 
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For this bioassay, samples of the initial extract (100ml 
that was set aside) were contrasted with comparable amounts 
of the combined inhibitory compounds collected from the 
column (using pure samples of inhibitors Gl, G2 and G3). 
To obtain comparable concentrations, the volume of solution 
(or amount of crystals) used per treatment in the bioassay 
was calculated back to the same (lOg, 5g, 2g, lg, 0.5g, 
0.2g, and O.lg) fresh weight of leaves. This required 6, 
3 , 1 . 2, 0.6, 0.3, 0.12, and 0.06ml respectively of the 
initi a l 100ml extract and the weight of inhibitors Gl, G2 
and G3 calculated (from the UV assay and the known 
extinction coefficient values of Gl, G2 and G3) to be present 
in 6, 3 , 1.2, 0.6, 0.3, 0.12 and 0.06ml respectively of the 
200ml ether concentrate that contained the combined 
inhibitory fractions collected from the column. 
Pure samples of Gl, G2 and G3 were used to avoid 
bioassaying compounds that had co-chromatographed with the 
inhibitors. Such contaminating compounds also necessitated 
the use of the UV assay to estimate the amount of inhibitors 
in the various inhibitory fractions eluted from the column, 
instead of simply weighing the relevant fractions. 
The usual cress seed germination bioassay was used, 
the volume of water moistening the filter pads being 
standardised at 3ml. 
I· 
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RESULTS AND DISCUSSION 
From the UV assay (Fig. 23) it is possible, using 
the known extinction coefficients of the three inhibitors, 
to calculate the quantity of each inhibitor eluted from the 
column. The extinction coefficients of Gl, G2 and G3 were 
similar in ethanol, cyclohexane and diethyl ether. 
The UV assay (Fig. 23) also shows that reasonable 
separation of the inhibitors was obtained and that the 
coloured contaminants present in the eluates gave negligible 
interference in the critical region (~237mµ) of the UV 
spectra. Although the maJor portion of the coloured 
contaminants was eluted from the column before inhibitor 
Gl, visual observations indicated that sufficient contaminants 
were present to appreciably affect the weight of the three 
inhibitory fractions recovered from the column. Therefore, 
the UV assay was utilised to obtain an accurate estimate 
of the weight of inhibitor in each inhibitory fraction. 
Calculations give the amount of the three inhibitors 
recovered from the column as: 
Inhibitor Gl 
Inhibitor G2 
Inhibitor G3 
56mg 
56mg 
75mg 
This represents the amount recovered from 333g 
fresh weight of E. grandis leaves. 
Based on these results, the percentage yields 
obtained in this sma ll scale experiment on a f r esh weight 
basis) were: 
Inhibitor Gl 
Inhibitor G2 
Inhibitor G3 
Total 
0.017 % 
0 . 017% 
0.022 % 
0.056 %, i . e . 560ppm. 
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Calculating on the basis of 560ppm inhibitory 
material in the plant, yields an endogenous inhibitor 
concentration of about 2 x l0- 3M. This calculation is based 
on the improbable assumption that the inhibitor is distributed 
evenly throughout the pla~t. If the inhibitor distribution 
is not even, then localised concentrations would be expected 
to be considerably higher than the estimated 560ppm. 
Using these values, the amount of inhibitory material 
originally in the bulk, leaf material (375Kg) was in the 
vicinity of 200g. Now, at one stage during the isolation 
procedure of the bulk material a total quantity of 30g of 
reasonably pure inhibitor was weighed . The l oss from 200g 
to 30g and eventually to about 8g is presumably due to 
inefficient extraction procedures and decomposition of the 
inhibitors. 
-The results of the cress seed germinati o n bioassay 
on the fractions from the small scale extraction showed that 
little, if any, of the inhibitory activity was lost during 
solvent-solvent partitioni ng or cellulose column chromato-
graphy. 
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The results of the bioassay using the crude 
extract, showing the volume of extract used, the corres-
ponding fresh weight of leaf material extracted and the 
predicted molarity (from previous results) of the inhibitors, 
were as follows: 
Result (compared to 
Volume of Fresh weight Molarity (M) control) expressed 
extract of leaves of inhibitors as percentage 
(ml) ( g) germination ( 2 0 seeds) 
6 10 6.7 X 10- 3 0 
3 5 3.3 X 10- 3 0 
1.2 2 1.3 X 10- 3 0 
0.6 1 6.7 X 10- 4 0 
0.3 0.5 3.3 X 10- 4 0 
0.12 0.2 1.3 X 10- 4 40 
0.06 0.1 6. 7 X 10- 5 I 
100 
The concurrent bioassay, with pure samples of 
inhibitors Gl, G2 and G3, gave similar results, viz.: 
Wt. of in- Corresponding Result (compared to 
hibitors Gl, predicted control) expressed 
G2 and G3 fresh wt. of Molarity as percentage 
(mg) leaves germination 
(Gl:G2:G3= ( g) ( 2 0 seeds) 
1:1:1.3) 
5.60 10 6.7 X 10- 3 0 
2.80 5 3.3 X 10- 3 0 
1.12 2 1.3 X 10- 3 0 
0.56 1 6.7 X 10- 4 0 
0.28 0.5 3.3 X 10- 4 0 
0.11 0.2 1.3 X 10- 4 40 
0.055 0.1 6.7 X 10- 5 100 
This bioassay also shows that the inhibitors are 
active in ~he cress seed germination bioassay at concen-
-4 trations down to the order of 10 M. 
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Another important conclusion to be gathered from 
this bioassay is that since the crude extract and the solution 
of pure Gl, G2 and G3 gave similar bioassay results, Gl, G2 
and G3 must constitute the bulk of the original activity of 
the crude extract. This refutes any suggestions of a minor, 
very active, unknown substituent giving rise to the bulk of 
the inhibitory activity. 
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PHYSIOLOGY OF THE ROOTING INHIBITORS 
INTRODUCTION 
The various bioassays used served two main purposes. 
Firstly, the cress seed germination bioassay was used to 
monitor the presence or absence of inhibitory material 
during each stage of the extraction and isolation procedures. 
Frequent checks, using either the E. deglupta or mung bean 
rooting bioassay, were necessary to establish that a rooting 
inhibitor and not just a germination inhibitor, was being 
monitored. Secondly, large scale rooting bioassays were 
carried out to establish the approximate range of inhibitory 
activity of the inhibitors. 
In studies of the endogenous factors participating 
in adventitious root formation it is preferable to employ 
specific bioassays that enable the detection of the influences 
of promotory and inhibitory substances. The bioassays used 
to detect root inhibitors in adult leaves of E. grandis 
can be arranged in the following order of decreasing 
specificity: E. grandis rooting, E. deglupta rooting, mung 
bean rooting and cress seed germination bioassay. Vegetatively 
propagated plant sources are not suitable for use in such 
rooting bioassays because of the difficulties involved in 
raising sufficient material to cater for the frequent testing 
required. Instead, seed propagated plants are favoured for 
bioassays investigating adventitious root formation on cuttings, 
because of the ease with which large quantities of reasonably 
uniform plants can be raised at any time of the year. 
The mung bean and E. deglupta rooting bioassays 
were carried out before final identification of the three 
inhibitors, whereas the E. grandis rooting bioassay was 
performed with pure samples of inhibitors Gl, G2 and G3. 
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MATERIALS AND METHODS 
Cress seed germination bioassay 
One of the main requirements for the successful 
isolation of a growth regulating compound is a reliable, 
convenient bioassay. Although, strictly, a rooting 
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inhibitor should be assayed for its ability to inhibit root 
formation in the species from which it was extracted, the 
technical difficulties, together with the high consumption 
of time and test material necessary for each such bioassay, 
make this impracticable. The cress seed germination bioassay 
provided a reliable and convenient means of detectina the 
presence or absence of inhibitory material, and was therefore 
employed throughout the extrac~ion and isolation procedures. 
In the cress seed ger~ination bioassay, filter 
paper discs (7cm diameter) were used as germination pads for 
ten cress seeds. The discs were positioned in glass petri 
dishes, moistened with the aqueous test solution, sown with 
ten cress seeds (the seeds were "cress curled 11 from ''Yates H) 
and kept moistened by daily additions of water. nhen the 
test solution was in an organic solvent (e.g. fractions 
recovered from chromatography columns), the solution was 
applied to a filter paper disc, the solvent evaporated and 
the pad Moistened with water prior to sowing the seeds. The 
bioassays were carried out on a bench in the lahoratory, at 
room temperature and in diffuse sunlight. 
Qualitative data were recorded, 3-4 days after 
sowing, for presence or absence of germination in the test 
treatments compared to a water control. 
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Using this technique at each stage of inhibitor 
extraction indicated the number of solvent-solvent partitions 
required to extract the bulk of the inhibitor from one solvent 
into another solvent. 
extraction. 
This maximised the efficiency of each 
Mung bean rooting bioassay 
In the search for a suitable rooting test, Hess 
(1957, reference from Fernquist 1966) investigated the 
adventitious root formation on ·roung bean hypocotyls. This 
proved to be a most useful bioassay because the small sized 
seeds of the mung bean, Phaseolus aureus Roxb., germinate 
rapidly and a large number of uniform seedlings can be raised 
in a short time. 
Later, Hess (1964a, b, c) introduced a variation 
of the mung bean rooting bioassay by growing the seedlings 
under light. This test (e.g. Hess 1964a) was adopted, with 
minor modifications, for this investigation. 
Seeds of P. aureus Roxb. (Blue Ribbon Seeds from 
Stephenson & Wright Co. Ltd.) were sterilised by soaking in 
a dilute solution of calcium hypochlorite, at 20°C, for 
10 minutes. The seeds were then washed thoroughly with 
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frequent changes of tap water (20°C), over a 5 hour period, 
before being sown on moist, washed perlite in oven-
sterilised pots. The seeds were covered wi th a shallow layer 
of perlite, watered and allowed to germinate on a bench 
(heated from below) in a glasshouse, under normal daylength 
conditions. The temperature in the glasshouse varied between 
22 and 27°C. 
After 12 days the seedlings were ready for use as 
cuttings, the average height of the seedlings being about 
Berns. At this stage the hypocotyl was approximately 6cm 
in length and the epicotyl about 2cm long. 
Five cm long cuttings, consisting of 3cm of 
hypocotyl, the epicotyl (2cm), primary leaves and the 
trifoliate bud (the cotyledons having been removed) were 
prepared from selected, uniform, 8cm high seedlings. The 
cuttings were placed singly in glass phials (5cm x 2cm 
diameter) containing 10ml of test solution. The volume 
of the test solution was maintained by daily additions of 
water. 
As well as being used, in conjunction with the 
cress seed germination bioassay, to monitor the extraction 
procedures for inhibitory activity, the mung bean rooting 
bioassay was used in a large scale experiment to investigate 
the activity of the inhibitors over a range of concentrations. 
For this large scale experiment, test solutions 
were prepared using fractions from two different chromato-
graphy column runs. Test substances A and B consisted of 
crystals recovered from the fast-running fractions of an 
early, experimental cellulose column. The two fractions 
were incompletely separated and, as a result, test 
substances A and B were a mixture of compounds. 
Test substances C, D and E consisted of crystals 
recovered , following evaporation of the solvent, from 
fr a ctions 105-125, 134-170 and 236-300 (ether eluate) 
respectively , of Column II (cf. Fig. 2). 
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Test substance F was a sample of the crude, 
inhibitory (cress seed germination bioassay) extract that 
had been set aside as a reference sample see '40ml sample' 
in Fig . 1) . 
Test substance R consisted of a combination of the 
five test substances A, B, C, D and E, combined in equal 
amounts . This was an attempt to reconstitute test substance 
Fusing only the inhibitors, identified by cress seed 
germination bioassay, recovered from the cellulose column. 
In this way a rough check could be made to determine if a 
major portion of the inhibitory activity had been lost 
following column chromatography. 
A wide range of concentrations (10- 4 , 10- 5 , 10- 6 , 
10 - 7 and l0- 8M) were d f ht t b t · prepare o eac es su s ance in an 
attempt to determine if any of the substances were promoting 
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root initiation at lower concentrations. All concentrations 
were prepared assuming a molecular weight of 282 for each 
compound (indicated by mass spectrometry). 
Twelve replicates of each test substance at each 
particular concentration were prepared, together with 24 
control treatments (water). 
Thus there were 37 different solutions (7 test 
substances at 5 concentrations, plus 2 controls), each 
replicated 12 times. The test solutions were set up in 
restricted, randomised blocks, with twelve such blocks, 
each containing a full complement of test solutions. To 
minimise any possible edge effects, the grid (19 x 24) of 
test solutions was surrounded by a single-row perimeter of 
phials containing mung bean cuttings in water. 
The experiment was performed in a controlled 
environment growth cabinet maintained at 25°C with a 16hr 
photoperiod (3000-4000f.c.). Root primordia on the cuttings 
were visible to the naked eye 3 days after preparing the 
cuttings. The distribution of the root primordia within 
the cuttings was generally polar. Measurements on the 
number of roots produced per cutting were recorded on the 
fifth day (Day 5) following preparation of the cuttings and 
on the subsequent two days. 
Concurrent with this experiment, a smaller trial 
was carried out using the same test substances at a 
-3 
concentration of 10 M. 
were used. 
The replicates of each solution 
E. deglupta rooting bioassay 
This bioassay, investigating the effects of test 
solutions on the rooting of E. deglupta seedling cuttings, 
is presumably more specific than the rnung bean rooting 
bioassay for investigating rooting regulators isolated 
from Eucalyptus. A large scale bioassay was carried out 
to determine the effects of the inhibitors on E. deglupta 
cuttings over a range of concentrations. 
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A large batch of 15 weeks old E. deglupta seedlings, 
grown in a heated glasshouse, provided 800 seedlings that 
varied in height from 20 to 27cm. Stern cuttings were 
prepared by severing each seedling midway between the nodes 
of the second and third leaf pair. The cuttings were 
trimmed by removing the lower leaves, leaving the apex and 
one or two fully expanded leaf pairs per cutting. These 
remaining leaves were trimmed, by removing some of the leaf 
lamina, to minimise any variation in leaf area between 
cuttings. Each cutting was placed in a separate test tube 
(15cm x 1.4cm diameter) containing 15ml of test solution. 
The volumes of the test solutions were maintained by daily 
additions of water. 
The test solutions (37 in all) consisted of the 
same test solutions used for the rnung bean rooting bioassay, 
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except that substance B (consisting of crystals from an 
early column) was replaced with substance H. Test substance 
H consisted of crystals recovered (after solvent evaporation) 
from fractions 41-100 of Column II (Fig. 2). This substance 
showed no inhibitory activity in the cress seed germination 
bioassay . 
The same c oncentrations (10- 4 , 10- 5 , 10- 6 , 10- 7 and 
- 8 10 M) were prepared of each test substance as were used for 
the mung bean rooting bioassay. Twenty replicates of each 
test solution were prepared. 
The experimental layout was altered from that used 
in the mung bean rooting bioassay because of the differences 
in the tubes containing the cuttings. Each of the 37 
treatments were randomised in a test tube rack (8 x 5), 
necessitating 20 such racks for the 20 replicates. The 
c u ttings were distributed so that each rack contained a set 
of approximately uniform cuttings. Hence, although the 37 
cuttings subjected to different test solutions within a 
rack were as uniform as possible, the 20 replicates in each 
test solution varied considerably. 
The racks were placed on a moist, gravel bed on a 
bench , heated from below, in a glasshouse. The racks were 
placed in random positions of a 5 x 4 grid, these positions 
being alte£ed daily to reduce any possible positional effects. 
A plastic frame was placed over the racks to sustain a high 
humidity around the cuttings (necessary to prevent severe 
wilting), the moisture being supplied from the wet gravel 
that was watered daily. 
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The experiment was carried out under normal 
daylength conditions. The first measurements of number of 
roots per cutting were recorded on the thirteenth day (Day 
13) after making the cuttings and on the subsequent four 
days. A final set of measurements were recorded on Day 24. 
Concurrent with this experiment, a smaller trial 
was carried out using the same test substances at l0- 3M 
concentration. Ten replicates of each solution were used. 
E . grandis rooting bioassay 
The three inhibitors (Gl, G2 and G3) were tested 
-3 -4 -5 at three concentrations (10 , 10 and 10 M) for their 
effect on adventitious root formation in cuttings prepared 
from seedlings of E. grandis. Although the data are 
qualitative, the bioassay is of importance because of its 
specificity for the detection of rooting inhibitors isolated 
from E. grandis material. 
The bioassay was carried out after the purity of 
the substances active in the mung bean and E. deglupta 
rooting bioassays had been confirmed. 
Cuttings were prepared from a selected, uniform 
batch of 11 weeks old E . grandis seedlings that had been grown 
r 
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in a heated glasshouse. The height of the selected seedlings 
ranged from 17 to 19cm. Stem cuttings were prepared by 
severing the seedlings midway between t h e nodes of the 
second and third leaf pair and trimming them in a similar 
manner to that described for the E. deglupta cuttings. 
Preliminary trials investigating suitable rooting 
media for E. grandis cuttings involved tests with aerated 
and non-aerated water. Both these media proved unreliable 
but further experiments demonstrated that a rooting medium 
of moist perlite was suitable. 
The striking medium was prepared by loosely packing 
appropriately sized (15cm x 1.4cm diameter) test tubes with 
perlite. An accurately controlled volume of test solution 
was supplied to each test tube. This volume was calculated 
to completely moisten the perlite and leave a reservoir, 
about 3cm deep, of test solution at the base of the tube. 
One cutting was placed carefully down the centre of each 
test tube to a depth of 9-lOcm. Using this procedure, 
adequate moisture was present in the rooting medium while 
allowing sufficient aeration, around the cutting, for rooting 
to proceed. 
The bioassay consisted of ten Ereatments (3 test 
solutions at 3 concentrations plus a control) each with ten 
replicates. Individual treatments were randomised throughout 
a grid of test tube racks placed on a wet, gravel-covered 
bench (utilised for the E. deglupta rooting bioassay) and 
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covered with a plastic frame. The posit i ons of the test 
tubes were altered daily to minimise any positional effects. 
Daily additions of water were necessary to maintain the level 
of solution in the test tubes. 
Measurements of the time at which roots were 
visible, having penetrated the perlite to the test tube wall, 
were recorded from the sixteenth day (Day 16) onwards. The 
number of roots produced per cutting were not measured as 
it was impossible to obtain accurate values, because of the 
perlite, without daily disturbances of the cuttings. Such 
disturbances would have been detrimental to root development 
and growth . 
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RESULTS AND DISCUSSION 
Mung bean rooting bioassay 
Examination of the data for the mung bean rooting 
bioassay (Appendix 2) shows that there were no significant 
differences (P = 0.05) between the different test substances 
but that there was a highly significant (P = 0.01) difference 
between the control treatments and all test substances at 
concentrations of 10- 4M. This effect of concentration is 
shown in Fig. 24, a plot of concentration of test solution 
against the average number of roots per cutting, at each 
concentration, for all substances (i.e. A, B, C, D, E, Rand 
F) • 
Analyses of variance were carried out on the total 
number of roots recorded for each particular treatment (i.e. 
per 12 replicate cuttings), on each day (shown in Table 5). 
These analyses split the "treatment" factor into its 
component "concentration" and "test substance" factors. 
The results of these analyses of variance (Table 6) 
show that the "concentration x test substance" interaction 
was not significant (P = 0.05). This implies that the 
effect of the concentrations and of the t;est substances were 
acting independently of one another, i.e. additively. 
Because of this and the fact that there is no apparent 
difference between the different test substances (Table 6), 
generalisations may be made by comparing overall "concentration" 
8 
5 
0) 
C 
~ 
~ 
~ 
" 
.. 
I) 
~ 
4 
Ill 
~ 
0 
I· 
0 
.. 
l • 0 
.. 3 C, 
.a 
E 
~ 
C 
0 I I 
water 
control 
DAY 5 
I 
10-8 
Fig. 24. 
X 
x~x 
I I 
10-1 10-6 10-s 10-4 
concentration ( M) 
Effect of Gl , G2 and G3 on adventitious 
formation of mung bean cuttings . 
i 
10-3 
root 
73. 
data (Fig. 24). 
A critical analysis of the results was obtained 
by comparing the readings for control treatments with those 
for each individual treatment (i.e. a particular test 
substance at a particular concentration). For this, it 
was necessary to calculate the appropriate least significant 
difference (L.S.D.) value for each day's readings. These 
L.S.D. values are given in Table 5 and were used to determine 
those treatments that were significantly different from the 
control treatments (see Table 5). 
Besides the highly inhibitory activity of all seven 
-4 test substances at concentrations of 10 M throughout the 
three days on which measurements were taken, test substances 
C(P = 0 . 01) and D(P = 0.05) showed significant inhibitory 
-5 
activity at 10 M concentration on Day 5. This effect may 
have been due to a delay in root initiation, as these 
treatments showed no further significant inhibitory activity. 
Indeed, the effect of all the inhibitors tested in 
this bioassay may be to delay root initiation since it was 
noted that after Day 7 additional roots were being initiated 
and developed on the cuttings subjected to concentrations of 
10- 4M, whereas the remainder of the cuttings had almost ceased 
to produce new roots. 
There was no clear evidence of promotory activity. 
When the fractions (from the columns) that 
constituted each test substance were compared with the 
fraction numbers and nomenclature adopted in the chemical 
studies, it was found that: 
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Test substance A - Inhibitor Gl plus a trace of Inhibitor G2 
B - Inhibitor G2 plus a trace of Inhibitor Gl 
C - Inhibitor Gl 
D - Inhibitor G2 
E - Inhibitor G3 
R - Inhibitor Gl + G2 + G3 (-2:2:1) 
F - Crude fraction containing original 
inhibitors. 
Therefore the three inhibitors Gl, G2 and G3 all 
have inhibitory activity at CODCentrations of l0- 4M, while 
inhibitors Gland G2 both show possible initial inhibitory 
activity at 10-SM concentration. 
Comparison of the activity of the crude material 
(F) and the combined, inhibitory test solution (R) with the 
control treatments shows that they are both active at l0- 4M 
concentration. Hence, they have a similar range of activity 
and it appears that the crude sample has been successfully 
reconstituted from inhibitors Gl, G2 and G3. This indicates 
that the three inhibitors are primarily responsible for the 
inhibitory activity of the crude sample (F) and tends to 
dismiss the possibility of . a minor, highly active component 
in the crude sample (F) giving rise to the major portion of 
the inhibitory activity. 
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-3 The effect of the test substance s at 10 M 
concentration was to completely inhibit root initiation and 
resulted in the ultimate death of the cuttings. Therefore, 
it appears that complete mung bean root inhibition occurs 
at concentrations between 10- 3 and l0- 4M for inhibitors Gl, 
G2 and G3. 
E. deglupta rooting bioassay 
Examination of the data from the E. deglupta 
rooting bioassay (Appendix 3) reveals that the most consistent 
effects were the inhibitory activity exhibited by test 
substances E (inhibitor G3) and F (crude material) at 
-4 
concentrations of 10 M. 
There is also evidence (Table 7) of inhibitory 
activity in test substances R (reconstituted fraction) at 
l0- 4M and Fat l0- 5M in addition to other sparsely 
distributed, significant (P = 0.05) inhibitions. In 
addition to these possible displays of inhibitory activity 
there is an indication of possible initial promotory effects 
of test substances A, B, C, D and E. These infrequent 
indications of inhibitory and promotory effects would need 
to be repeated before placing too much reliability in them. 
The analyses of variance (Table 8) show a highly 
significant (P = 0.01) difference between concentrations 
and between test substances for Days 13 - 17. By Day 23 
there is no significant (P = 0.05) difference between the 
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test substances and only a significant (P = 0.05) difference 
between the concentrations. This suggests that the inhibitors 
were exerting a delaying influence on root initiation, the 
initially inhibited treatments eventually having the same 
number of roots as the control treatments. 
Therefore, the only definite result appears to be 
the inhibition of root development by inhibitor G3 and the 
crude inhibitory material (F) at 10- 4M concentration. Hence, 
it appears that the reconstituted fraction (R) was not as 
active as the crude material (F). This may be due to the 
fact that the reconstituted fraction consisted of 20% test 
substance H, an inactive component (cf. results of bioassay 
-3 
at 10 M concentration). If substance His a decomposition 
product formed during column chromatography from one of the 
active compounds, then the activity of substance R would be 
expected to be less than that of test substance F. Another 
possible reason for the lower activity of substance R, 
compared to substance F, is that there may have been relat-
ively more of inhibitors Gland G2 in the reconstituted 
fraction (Gl:G2:G3 = 2:2:1), and inhibitors Gland G2 appear 
to be slightly less active than inhibitor G3 in this bioassay 
(all active at l0- 3M concentration). 
The great variability between replicates (see 
Tables 7 and 8) indicates that this bioassay is not very 
reliable. Nevertheless it does demonstrate the activity of 
the inhibitors extracted from E. grandis on another Eucalyptus 
species. 
The bioassay using the test solutions at l0- 3M 
concentration resulted in complete root inhibition in all 
cases, except for test substance H, and culminated in the 
eventual death of the cuttings. The cuttings subjected 
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to test substance Hat l0- 3M concentration were not inhibited 
in root initiation or growth. This result supports the 
indication from the cress seed germinat ion bioassay that 
test solution His not biologically active, at least in 
the two bioassays performed. 
Therefore, inhibitors Gl, G2 and G3 at concentrations 
of l0- 3M completely inhibit root initiation of E. deglupta 
cuttings. 
E. grandis rooting bioassay 
The data recorded for the first day on which roots 
were noted on all 'Control' cuttings (Day 25) are given in 
Table 9. At a concentration of l0- 3M all three inhibitors 
totally inhibit adventitious root formation. The cuttings 
subjected to such concentrations eventually wilted and died. 
Table 9. Effect of inhibitors Gl, G2 and G3, at Day 25, 
on the root initiation in E. grandis cuttings. 
Inhibitor 
Concentration 
Gl G2 G3 
l0- 3M 0 0 0 Control: 10 
10- 4M 2 1 6 
l0- 5M 10 4 4 
Counts represent no. of cuttings (out of ten) on which roots 
were observed on Day 25. 
There was a pronounced delay in the rooting of 
cuttings subjected to inhibitors Gland G2 at l0- 4M 
concentration and indications of inhibitory activity by 
solutions of inhibitor G3 at l0- 4M, and inhibitor G2 and 
G3 at 10-SM concentration. 
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A later set of data, recorded on Day 35, are shown 
in Table 10: 
Table 10. Effect of inhibitors Gl, G2 and G3 on the root 
initiation in E. grandis cuttings (at Day 35). 
Inhibitor 
Concentration 
Gl G2 G3 
l0- 3M 0 0 0 Control: 10 
l0- 4M 6 7 7 
l0- 5M 10 10 10 
. 
This confirms the total inhibition to root initiation 
in E. grandis cuttings of each inhibitor at concentrations 
-3 
of 10 Mand it appears that a number of cuttings were 
prevented from rooting when subjected to the inhibitors at 
-4 10 M concentration, in this specific bioassay. 
GENERAL DISCUSSION 
All available evidence suggests that the three 
inhibitors Gl, G2 and G3 purified from extracts of adult 
leaves of E. grandis are responsible for the inhibitory 
activity detected during the initial extract studies 
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(Paton et al. 1970). Firstly, the three inhibitors co-
chromatograph at the same Rf value as the original inhibitor 
during paper chromatography with the iso-propanol: ammonia : 
water solvent system. Secondly, no other inhibitors were 
detected during extraction despite bioassays being carried 
out at each stage of extraction. The close correspondence 
between the cress seed germination and UV assays (Figs. 2, 
3 and 23) lends further support for the assertion that no 
additional inhibitors were present in the extracts. Thirdly, 
the peroxides Gl, G2 and G3 appear to be the naturally 
occurring compounds since great care was taken during the 
extraction and isolation procedures. High temperatures were 
avoided at all stages, mild techniques of solvent-solvent 
partitioning and chromatography were used during purification, 
and only freshly distilled, pure solvents were used throughout. 
Moreover, if Gl, G2 and G3 were artifacts of the isolation 
techniques employed it would be expected that the precursors 
would also have been isolated. This did not occur. Finally, 
the possibility that a minor, very active constituent was 
responsible for the bulk of the inhibitory activity is refuted 
by the results obtained from the small scale extraction of a 
500g sample of adult E. grandis leaves. 
On these bases, it is proposed that the three 
isolated inhibitors are directly responsible for the 
previously observed rooting inhibitor activity, viz. 
increased concentration in successively higher leaf pairs 
of an E. grandis seedling and the apparently associated 
decrease in root ing ability (Paton et al. 1970). This, 
together with various other properties of the inhibitors 
revealed during the present study, raises some interesting 
topics for d i scussion, particularly in relation to the 
earlier physiological observations made on the rooting 
ability of E. grandis cuttings (Paton et al. 1970). 
Transport of the Inhibitors 
8 0. 
One consideration arising from the present work 
involves the translocation of the inhibitors within the 
plant. The precise location of the inhibitors in the plant 
is not known, although they appear to be present in both 
leaves and stem (as demonstrated by the inhibition of root 
development on E. deglupta cuttings placed in water with 
stems of E. grandis - Paton et al. 1970). Although no 
evidence was obtained on possible transport paths, experiments, 
reported previously, showed that fifty node cuttings (i.e. 
cuttings possessing leaves with a high concentration of 
inhibitor) were able to root when the base of the cutting 
was between the cotyledons and the fourth node, indicating 
little or no transport of inhibitors down the plant from 
adult to seedl ing tissue. This is further supported by the 
observation that the lower leaf pairs of a seedling contain 
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no detectable inhibitor, and also from experiments in which 
adult scions grafted on seedling stock of the same eucalypt 
species do not prevent the stock from striking (R. Willing, 
pers. comm.). 
However, none of these experiments eliminates the 
possibility that inhibitors, synthesised in the adult leaves 
and transported down the plant stem to the seedling tissue, 
may be inactivated there and have their root inhibiting 
properties suppressed. Another possibility is that inhibitors 
are synthesised throughout the plant, not just in adult 
tissue, but are rapidly broken down or inactivated in the 
seedling tissue below about the tenth node, but not elsewhere. 
One means of resolving speculations about possible 
transport of inhibitors, and at the same time providing 
valuable information on their physiological properties, 
might be to apply localized doses of radioactively labelled 
inhibitor solution to plants of E. grandis. Subsequent 
autoradiographic analysis should reveal whether the labelled 
inhibitor has been transported and, if it has, along which 
pathways it has travelled. Also, autoradiography of the 
lower stem portion of the plant might indicate whether 
labelled inhibitor, applied at a higher leaf level, was 
transported into tissue below the tenth node and, if so, 
just how far was it transported. If there are indications of 
radioactivity in this lower region of the stem, follow-up 
tests would be necessary to determine whether the radioactive 
material was unaltered inhibitor or a decomposition product. 
Despite the apparent lack of movement of the 
inhibitors down the plant, at least in an active form the 
inhibitors are readily leached into water from cut sterns 
of adult E. grandis in sufficient amounts to inhibit root 
formation on E. deglupta cuttings (Paton et al. 1970). 
A high concentration of inhibitors might account for this 
phenomenon, and certainly leaf tissue contains inhibitors 
at an overall concentration of at least 560pprn. During 
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the early trials in which inhibitor diffused from plant 
tissue into water, the known decomposition of the inhibitors 
may have been offset to a degree by continual inhibitor 
synthesis in the tissue, followed by the subsequent diff-
usion of more inhibitor into the water. Continual synthesis 
of the inhibitors might also account for past failures to 
leach sufficient inhibitors from adult cuttings of eucalypts 
such as E. grandis, by immersion in running water for 
example, to enable the cuttings to strike (R. Willing pers. 
comm. ) . 
Concentration and Localization of the Inhibitors 
Although an overall inhibitor concentration has 
been estimated, it is probable that the inhibitors are not 
evenly distributed throughout the plant but rather they are 
localized at the cellular or organ level. - Such localized 
accumulations would necessarily be at concentrations 
considerably higher than the estimated mean. There are, at 
present, no positive indications of sites of inhibitor 
accumulation. However, comparisons can be made with other 
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compounds known to occur in plants at similar levels of 
concentration. One of these, ascaridole (1,4 peroxido-p-
menth-2-ene), another naturally occurring peroxide, 
constitutes a high proportion (up to about 70%) of 
Chenopodium oil (Kashara 1958). Many other compounds, such 
as coronopilin, various hydroxybenzoic acids, chlorogenic 
acid and kaempferol, also occur at endogenous concentrations 
comparable with or higher than those observed for the 
E. grandis inhibitors. Many substances found in plants at 
high levels of concentration are presumed or known to be 
present in the vacuoles of plant cells. Among these are 
sugars, organic acids, mineral salts, pigments and fats. 
With vacuoles acting as sites of accumulation for such a 
wide range of substances, it is conceivable that E. grandis 
inhibitors are also concentrated in cell vacuoles. If this 
were so, it might assist in explaining how inhibitors persist 
at such high endogenous concentrations. Substances in the 
vacuolar sap, accumulating beyond their saturation point, 
can crystallise and exist as a solid inclusion in the cell 
sap. 
The Natural Role of the Inhibitors 
Just what is the natural role of the inhibitors 
in the plant is another tantalising aspect of the work for 
which there is very little information at present. The high 
physiological concentrations ( -l0 - 4M) of inhibitor required 
to induce inhibition of cress seed germination or adventitious 
root development in the various bioassays used can be 
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reconciled with the high endogenous inhibitor concentration 
in E . grandis. Although a causal relationship between 
inhibitors and rooting ability has been advocated the 
various bioassays employed need not be specific for the 
natural function of the inhibitor. The germination bioassay 
raises the possibility that the inhibitors may exert an 
influence on seed germination in the litter beneath 
Eucalyptus trees, though no results are yet available to 
indicate whether senescent E. grandis leaves also contain 
the inhibitors. The rooting bioassays were designed to 
demonstrate that the inhibitors influence the striking 
ability of cuttings but this does not mean that this is 
their prime, or even their natural, function in the plant. 
Thus, although there is strong evidence for the regulatory 
properties of the E. grandis inhibitors, at this stage there 
is an absence of any experimental evidence to demonstrate 
the physiological role of the inhibitors in intact plants. 
This objection can be directed at many of the experiments 
with inhibitors (and promotors) that have been carried out 
in the past using biological tests after isolation of the 
inhibitors (promotors) from plant tissues. The main 
difficulty arises from the possibility that if natural 
inhibitors are isolated and subsequently applied exogenously, 
they may reach metabolic sites other than those which they 
influence in the natural state. This obj€ction is a strong 
one, to which there is no answer at present. 
Although the physiological role played by the 
inhibitors in the plant has not yet been ascertained, there 
I· 
is a strong possibility that the inhibitors play some 
regulatory role, either in seed germination inhibition or 
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in adventitious root formation (e.g. suppressing the 
formation of aerial roots), or perhaps in both. Experiments 
designed to test whether the inhibitors control or regulate 
any physiological process should be undertaken with due 
consideration for the "PESIGS" rules enunciated by Jacobs 
(1959). 
It would be expected that at least one of the 
natural roles of the inhibitors is compatible with a slow 
increase in concentration of inhibitors in leaves at 
successively higher nodes of a seedling and, also, the 
apparent absence of the inhibitors in E. deglupta (Paton 
et al. 1970). Bearing this in .mind, a possible function 
of the E. grandis inhibitors in the plant could be that of 
influencing the morphogenesis of the plant. However, before 
considering the possibility of the inhibitors isolated from 
E. grandis being "adult substances" as compared to the "youth 
substances" of Frank and Renner (1956), it is necessary to 
clearly establish the meaning and significance of terms and 
results previously reported. 
The early botanists described many examples of 
plants with a characteristic juvenile stage. Among the 
early reports placing this aspect of development on an 
experimental, qualitative basis, those of Goebel (1889, 1900) 
made a distinction between what he termed "heteroblastic 
development" in which the differences between juvenile and 
adult phases are quite pronounced, and "hornoblastic 
development" in which such differences are relatively 
slight. The fact that there were no criteria for 
distinguishing between these two types of development was 
recognised by Goebel. Although the term "heteroblastic 
development" initially referred to plant development where 
an abrupt change occurred from the juvenile to the adult 
state, it is now generally extended to cover the more 
general course of development in which the differences 
between the two phases are more gradually established. 
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Various criteria have been used to distinguish 
between juvenile and adult stages, among them being leaf 
shape, production of pigment (usually anthocyanin), 
pnyllotaxy, shedding of leaves, ease of rooting of cuttings, 
thorniness, growth habit, periodicity in internode length, 
stern thickness and flowering. The juvenile condition was 
marked by the production of more anthocyanin, retention of 
leaves during winter, greater ease of rooting of cuttings, 
more thorniness and lack of flowering. Still, no single kind of 
plant shows all these distinctions between the juvenile 
and adult condition, and no one character is a sure and 
certain indication that a change from the juvenile to the 
adult has occurred. Plants showing a change in two or more 
characters may exhibit the changes at qutte different stages 
of their development. Most authors would agree, however, 
that the greater ability of cuttings to strike is the 
character most closely associated with juvenility. Differences 
between juvenile and adult phases have now been shown to extend 
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to almost every conceivable morphological and physiological 
character of the plant. If the inhibitors do act as 
morphogenic regulators then it is quite possible that 
several characters, not only that of rooting ability, may 
be affected by the inhibitors. 
Apart from broad physiological changes of the type 
mentioned some more specific changes in metabolic and cell 
physiology characters have been indicated. The literature 
is very scattered but a few surveys have been undertaken on 
this aspect of plant ontogeny. Farkas and Rajhathy (1955) 
discovered ontogenetical gradations in various chemical 
and physiological properties such as water content, water 
saturation deficit, succulence level, chlorophyll content 
and ascorbic acid content. McNair (1945) discovered examples 
of chemical ontogeny in Eucalyptus. He found that the 
volatile oils of seedling eucalypts contain more d-pinene 
and less cineole than does the volatile oil from more adult 
trees. However, no specific reason was proffered , nor any 
possible role given, for this behaviour which qualitatively 
at least parallels the results obtained for the rooting 
inhibitors of E. grandis. 
From the growing wealth of literature on hetero-
blasty, there gradually developed the notion that the change 
from juvenile to adult may be associated with a loss in 
ability to synthesise physiologically important chemical 
substances, and/or the development of the ability to syn-
thesise others. One may infer from this hypothesis that the 
Ii 
I 
I 
" 
I 
11 1 
I 
11 
,, 
ll 
\ 
I 
I 
.U 
8 8. 
juvenile stage would be characterised by the presence of 
particular substances of physiological importance which are 
not present, or are present to an appreciably lesser degree 
in the adult. Alternatively, there would be present in 
the adult some substance that is absent, or present at 
greatly reduced levels, in the juvenile. Assuming that such 
a typically 'juvenile" or "adult" substance does exist, it 
should be possible to isolate and identify it. Furthermore, 
such a substance when isolated from the juvenile stage (or 
adult stage), when introduced into the adult stage (juvenile 
stage), should cause it to exhibit juvenile (adult) 
characteristics - Muzik and Cruzado (1958). The possibility 
of such a "juvenile hormone" or "youth substance" is also 
supported by the results on Hedera by Doorenbos (1965) and 
Frank and Renner (1956). 
When relating these previous observations to the 
results obtained on E. grandis, it is tempting to interpret 
the observed gradual increase in inhibitor concentration 
in successively higher leaf pairs as a type of morphogenic 
control system, the inhibitors operating as "adult substances". 
The inhibitors may, for example, control leaf 
shape. Njoku (1957) has proposed that heteroblastic 
development of the leaves is due to the production of 
specific morphogenic substances. However, the inhibitors 
extracted from E. grandis do not appear to affect the 
heteroblastic development of the leaves for the following 
reasons: 
Firstly, E. grandis passes from juvenile leaves to inter-
mediate type leaves at about node number four whereas it 
is node 14 at which the loss of ability to strike from 
cuttings occurs. However, there is still the possibility 
that a lower concentration of inhibitors is necessary for 
the production of intermediate leaves than is required to 
prevent cuttings from striking. 
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Secondly, many eucalypts, for example E. grandis and E. 
pulverulenta, lose the ability to strike from cuttings at 
approximately the same ontogenetic age (R. Willing, pers. 
comm.), whereas the intermediate foliage of E. pulverulenta 
is delayed for an indefinite number of leaf pairs (Blakely 
1965) compared to the appearance of intermediate foliage in 
E. grandis at an early stage in the development of the plant. 
This qualitative type of evidence tends to argue against any 
association between leaf morphology and rooting ability (and 
hence inhibitor level), at least in Eucalyptus. 
Thirdly, a logical extension of the supposition that the 
inhibitors are morphoregulators influencing leaf morphology 
would be the absence of adult foliage in E. deglupta, a 
eucalypt that contains little or no such inhibitor. This, 
however, does not occur, since E. deglupta trees possess 
adult leaves that are quite distinct in appearance from the 
juvenile foliage (Blakely 1965). 
And, finally, eucalypts are able to produce epicormic or 
coppice shoots on adult trees. These shoots, frequently 
produced as a result of inJury to the tree, often exhibit 
juvenile or intermediate leaf characteristics. However, the 
ability of such shoots to produce cuttings capable of 
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striking does not appear to be influenced by their leaf 
morphology so much as their position on the tree (R.vJilling 
pers. comm.). Cuttings prepared from shoots sprouting from 
low down, near the base of the tree, will strike, whereas 
cuttings prepared from shoots above a certain node (about 
the fourteenth node in E. grandis) will not strike irrespective 
of the leaf morphology of the cuttings. 
Thus it appears unlikely that the E. grandis 
inhibitors are related to the morphological changes of 
leaves during ontogeny. However, this by no means rules out 
the possibility that they influence some other morphological 
or physiological process that need not be expressed in such 
an obvious morphological change. Indeed, the established 
loss in ability to strike from- cuttings with increasing 
ontogenetic age may be the only character associated with 
increased inhibitor concentration. 
The natural role of the inhibitor in the plant might 
then be, as hinted earlier, simply to prevent the formation 
of aerial roots on adult Eucalyptus trees. Pertinent to 
this suggestion would be evidence on the inhibitor level 
in adult tissue of E. robusta grown in Hawaii where aerial 
roots on this species have been observed (Pryor and Willing 
1963). 
Anthocyanin production is another characteristic 
that may be influenced by inhibitor level. Bachelard and 
Stowe (1963) suggested a possible link between anthocyanin 
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synthesis and root formation on cuttings of E. camaldulensis 
(amongst other genera) following experiments in which the 
degree of rooting was correlated positively with the 
amount of anthocyanin formed in the leaves. Thus the 
inhibitors may function as antagonists to anthocyanin 
synthesis. Further links between the inhibitors and other 
juvenile characters could be suggested, but without any 
real supporting evidence. 
Hence there is evidence for only one possible 
natural role for the inhibitors Gl, G2 and G3, that of 
affecting rooting ability. If any further or more basic 
role exists, it is important that it be found, not only 
for its obvious economic and physiological interest, but 
because it would lead to the development of a more sensitive 
and more specific bioassay, in which the inhibitors exhibit 
activity at lower concentrations than demonstrated in this 
work. Even in the bioassays conducted here, aimed at 
determining the inhibitor concentration at which inhibition 
actually occurs, the known decomposition of the inhibitors 
is a complicating factor, especially in those bioassays 
performed over a considerable period of time. However, the 
plant may possess some protective mechanism (e.g. a buffering 
system or some subcellular compartmentation) that prevents 
decomposition in vivo of the type that occurs in extracts. 
It is therefore possible that the inhibitors may be effective 
in vivo at considerably lower concentrations than those 
indicated in the bioassays reported herein. 
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This discussion has been necessarily restricted 
almost entirely to endogenous inhibitors. It seems likely, 
however, that there must not only be a low level of rooting 
inhibitors in the plant for the successful striking of a 
cutting but also an adequate level of rooting promotors. 
It would then be the balance between inhibitors and promotors 
that is critical in the striking ability of a cutting. 
However, as stated in the introduction, the inhibitors do 
appear to exert an overriding influence over the promotors 
in E. grandis cuttings prepared from adult tissue. 
Chemical Properties of the Inhibitors 
The three closely related rooting inhibitors 
isolated from adult leaf tissue of E. grandis have several 
features that distinguish them from previously identified 
plant growth regulating substances, and also from compounds 
previously identified from extracts of Eucalyptus species. 
The chemical structures of the inhibitors are 
quite different from those of the identified plant hormones, 
gibberellic acid, abscisic acid, indole acetic acid and the 
kinetins. The inhibitors also appear to be quite unrelated 
to the cofactors referred to by Hess (1964b). In any case 
it is difficult to draw any firm conclus~ons on possible 
similarities until the cofactors are all identified. The 
cofactors appear to act as auxin synergists and have not 
been reported as showing any signs of inhibiting root growth. 
The E. grandis inhibitors have not yet been tested for 
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possible interaction effects wi th plant hormones. Hence 
the main contrast of the E. grandis inhibitors with the 
cofactors is that while both series of compounds influence 
root growth, the cofactors have a promotory influence while 
the E . grandis inhibitors have an inhibitory effect. 
Another series of closely related compounds 
extracted from plants is that of the hydroxybenzoic acids 
and the substituted hydroxybenzoic acids (Gesto et al. 1967, 
Vieitez et al. 1967a, b). A similar series is that of the 
hydroxycinnamic acids and substituted derivatives that have 
been extracted from many plants, including Eucalyptus 
(Hillis 1967a, b, c). These compounds are active as 
inhibitors in rooting bioassays (Fernquist 1966, Vieitez 
et al. 1967a) and appear to interact with IAA (Fernquist 
1966) . However, any similarity between these acids and the 
E . grandis inhibitors Gl, G2 and G3 does not extend to 
chemical structure. 
Perhaps the most unique feature of the E. grandis 
inhibitors is the presence of a peroxide linkage. Although 
endogenous peroxides have been isolated in the past (Dean 
1963, Rucker 1967), and include biologically inhibitory 
peroxides, there appear to be no reports of peroxides with 
a chemical structure similar to that of Gl, G2 and G3. 
Having failed to discover any previously identified 
root-regulating compounds that are closely related to the 
E. grandis inhibitors, an examination was made of the 
literature for compounds isolated and identified from 
Eucalyptus species. A number of the hydroxybenzoic acids 
and substituted hydroxycinnamic acids have been isolated 
(e.g. Hillis 1967c) in addition to compounds such as 
myricetin, quercetin, kaempferol, aromadendrin, eudesmin, 
ellagic acid, rhapontin, picein and chlorogenic acid 
(Hillis 1967b, Penfold and Willis 1961) • 
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Although Gl, G2 and G3 are not closely related 
in structure to any of these compounds, they do have a 
chemical affinity with the S-triketones, compounds that 
have been isolated from the steam volatile oils of 
Eucalyptus as well as other genera of the family Myrtaceae . 
Hellyer (1968) found 24 specie~ containing S-triketones, a 
finding which considerably widened the previously recorded 
natural occurrences of such compounds. 
Four of the compounds isolated by Hellyer (1968) 
- syncarpic acid, leptospermone, flavesone and grandiflorone 
(Fig. 25) - are derived from a phloroglucinol ring structure, 
as are Gl, G2 and G3. Five of the other compounds (a sample 
of which are shown in Fig. 25) - agglomerone, tasmanone, 
angustione, dehydroangustione and xanthostemone - are 
derivatives from resorcinol ring-type compounds. 
The biogenetic scheme for the synthesis of 
phloroglucinol derivatives (Birch and Donovan 1953, Birch 
and Elliott 1956) is known as the acetate hypothesis (see 
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Richards and Hendrickson 1964). 
Collie (1907) was among the first to propound 
the view that many aromatic compounds could be derived 
biogenetically from acetate precursors. The biosynthesis 
of the iso-prene unit via the acetate-mevalonic acid path-
way is now well established and the mechanism of formation 
has recently been reviewed by Cornforth (1961). 
Hence, the basic skeleton of Gl, G2 and G3 was 
presumably formed by condensation of polyacetic acids to 
give a phloroglucinol ring-type structure, with subsequent 
substitution and ring closure to give the final products. 
This suggests an acetate biosynthesis or an acetate-
isoprenoid biosynthesis for Gl~ G2 and G3. 
When considering the final ring closure to give 
the peroxide linkage in the inhibitors, useful information 
may be gleaned from the detailed studies on ascaridole 
9 5. 
(see Fig. 25). The biosynthesis of ascaridole has been 
postulated to occur via a Diels Alder type reaction between 
cr -terpinene and molecular oxygen (Schenk and Ziegler 1944). 
Formation of the peroxide linkage by this kind of reaction 
would produce racemic ascaridole. In fact, the isolated 
pure compound is optically inactive (Beckett et al. 1955). 
Since Gl, G2 and G3 are also racemic, a similar non-enzyrnic 
step may be involved in their biosynthesis. 
Hellyer (1968) suggested that B-ketones may have 
some taxonomic significance since they occur in at least 
40 plants from the family Myrtaceae. Genera in other 
oil-bearing families, e.g. Rutaceae, have not been found 
to contain such compounds. This raises the point as to 
whether compounds of the E . grandis inhibitor type may be 
restricted to the family Myrtaceae. 
Although compounds related to the E. grandis 
inhibitors (in possessing a common 2, 2, 4, 4, -
tetramethylcyclohexane-1, 3-dione nucleus) have been 
isolated, there seems to be no report in the literature 
of any such fused bicyclic compound occurring naturally. 
Also, the peroxide linkage gives added uniqueness to Gl, 
G2 and G3. 
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It is perhaps surprising that such unique compounds, 
occurring at such high concentrations, have not been 
detected in any previous study of Eucalyptus. Intensive 
studies have been made on endogenous compounds of eucalypts 
but even when a thorough investigation was carried out 
(Hillis 1966, 1967a, b, c, d), difficult isolations and 
identifications were not always pursued to completion. As 
it eventuated, considerable difficulties were encountered in 
isolating the three E. grandis inhibitors from each other 
and this final isolation was essential before any serious 
identification studies could be successfully undertaken. 
Another possible reason for failure to detect these 
inhibitors previously is that most workers (e.g. Hodgson 
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et al. 1960, Birch and Todd 1952 and Hellyer 1964, 1968) were 
interested only in the chemical aspects of Eucalyptus 
constituents and were not using bioassays to detect and 
isolate active components. 
A further, perhaps overriding, reason concerns the 
methods commonly used to extract Eucalyptus tissue. Most 
workers, including Vieitez et al. (1964) who used a bioassay 
for growth substance detection, appear to have standardized 
on a basic extraction using either sodium carbonate, sodium 
bicarbonate or both. Now contact of Gl, G2 and G3 with 
strongly alkaline solutions has been shown to lead to their 
break-down. 
Hence, the main reasons for the successful isolation 
of the three E. grandis inhibitors were, probably, the 
availability of a convenient and reliable bioassay to combine 
with a thorough chemical approach. 
Relation between Chemical Structure and Biological Activity 
No conclusive evidence was obtained to suggest 
differences in biological activity of Gl, G2 or G3, indicating 
that substituents at the c 3 carbon atom are not influencing 
the activity of these compounds in the pioassays utilised. 
Studies, using differently substituted molecules, may prove 
useful in indicating those portions of the inhibitor molecule 
responsible for bioassay activity. 
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The fact that there is a series of closely related 
inhibitors suggests that they may be of adaptive signific-
ance. It also suggests that the inhibitors may have a 
buffering influence on whatever system they operate in the 
plant, by working on a feed back type mechanism. For example, 
a certain level of the inhibitors, irrespective of their 
relative concentrations, may be necessary to perform their 
function in the plant. This total level could be buffered 
by a particularly low level of one inhibitor stimulating 
the synthesis of one of the other inhibitors. By this means, 
conditions unfavourable to the accumulation of one inhibitor 
would not result in a diminution of the overall inhibitor 
level with consequent decreased effectiveness. 
As it now seems probably that the three inhibitors 
Gl , G2 and G3 are responsible for the inability of cuttings 
from adult E. grandis to strike, the next logical step is 
to attempt to overcome this inability. The ability to strike 
Eucalyptus cuttings from adult trees would be of obvious 
economic importance since clones of the preferred phenotypes 
could be propagated in large numbers. One approach toward 
this goal could concentrate on the elimination or 
nullification of the inhibitors in adult tissue, utilising 
chemicals that may be expected to react with the now known 
inhibitors. 
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APPENDIX 1 
This appendix records the high resolut i on mass 
spectra of inhibitors Gl, G2 and G3 obtained by the mass 
spectrometry section at C.S.I. R.O., Canberra. 
The data presented are accurate mass values of the 
mass spectra peaks, together with their corresponding 
empirical formulae. 
Mass spectrum of inhibitor Gl 
104. 
Accurate mass Formula Accurate mass Formula 
C H 0 C H 0 
282.14676 15 22 5 179.10597 11 15 2 
250.15768 15 22 3 179.07030 10 11 3 
238.15698 14 22 3 178.09863 11 14 2 
235.13391 14 19 3 168.11398 10 16 2 
223.13230 13 19 3 167.14346 11 19 1 
221.11702 13 17 3 167.10659 10 15 2 
212.10431 11 16 4 167.07001 9 11 3 
209.11789 12 17 3 166.09901 10 14 2 
196.10929 11 16 3 166.06174 9 10 3 
195.13841 12 19 2 165.09112 10 13 2 
195.10063 11 15 3 165.05447 9 9 3 
194.09429 11 14 3 164.08350 10 12 2 
193.12216 12 17 2 16 3-. 0 7 5 7 3 10 11 2 
182.09357 10 14 3 162.10411 11 14 1 
181.12133 11 17 2 153.12817 10 17 1 
180.11466 11 16 2 153.09111 9 . 13 2 
105. 
Mass spectrum of Gl continued . . . 
Accurate mass Formula Accurate mass Formula 
C H 0 C H 0 
152.08441 9 12 2 97.06527 6 9 1 
151.11255 10 15 1 97.02877 5 5 2 
151.07663 9 11 2 96.09357 7 12 0 
149.13318 11 17 0 96.05712 6 8 1 
149.06021 9 9 2 95.08572 7 11 0 
141.05480 7 9 3 95.04910 6 7 1 
140.04711 7 8 3 94.04179 6 6 1 
139.07611 8 11 2 93.06979 7 9 0 
138.06782 8 10 2 85.02867 4 5 2 
137.09673 9 13 1 84.09338 6 12 0 
137.06006 8 9 2 83.08560 6 11 0 
135.11715 10 15 0 83.04982 5 7 1 
126.06824 7 10 2 81.07050 6 9 0 
125.05982 7 9 2 81.03399 5 5 1 
125.02336 6 5 3 80.06225 6 8 0 
123.08024 8 11 1 79.05486 6 7 0 
123.04386 7 7 2 77.03970 6 5 0 
122.03591 7 6 2 66.04742 5 6 0 
121. 0 6 1~ 5 9 8 9 1 65.03936 5 5 0 
113.09600 7 13 1 59.04945 3 7 1 
112.08770 7 12 1 57.03400 3 5 1 
112.05222 6 8 2 55.05436 4 7 0 
111.08087 7 11 1 55.01816 3 3 1 
110.07287 7 10 1 53.00238 3 1 1 
109.06482 7 9 1 51.02301 4 3 0 
107.08668 8 11 0 50.01 5 21 4 2 0 
106. 
Mass spectrum of inhibitor G2 
Accurate mass Formula Accurate mass Formula 
C H 0 C H 0 
282.14633 15 22 5 165.09103 10 13 2 
266.15261 15 22 4 165.05434 9 9 2 
250.15673 15 22 3 162.10408 11 14 1 
238.15740 14 22 3 153.12763 10 17 1 
235.13402 14 19 3 153.09061 9 13 2 
223.13282 13 19 3 152.08353 9 12 2 
221.11647 13 17 3 151.11183 10 15 1 
212.10455 11 16 4 151.07576 9 11 2 
209.11738 12 17 3 149.06007 9 9 2 
196.10878 11 16 3 141.05538 7 9 3 
195.13833 12 19 2 140.04786 7 8 3 
195.10077 11 15 3 139.07655 8 11 2 
194.09424 11 14 3 138.06791 8 10 2 
193.12294 12 17 2 137.09654 9 13 1 
193.08637 11 13 3 137.06051 8 9 2 
182.09321 10 14 3 126.06753 7 10 2 
180.11471 11 16 2 125.05944 7 9 2 
179.10550 11 15 2 125.02330 6 5 3 
179.07019 10 11 3 123.08048 8 11 1 
178.09887 11 14 2 123.04397 7 7 2 
168.11337 10 16 4 122.03612 7 6 2 
167.10645 10 15 2 121.10124 9 13 0 
167.07022 9 11 3 121.06479 8 9 1 
166.09892 10 14 2 113.09620 7 13 1 
166.06203 9 10 3 112.08846 7 12 1 
l 
i 
107. 
,, 
Mass spectrum o f i nhib i tor G2 continued . . . 
Accurate mass Formula Accurate mass Formula 
C H 0 C H 0 
112.05225 6 8 2 79.05496 6 7 0 
t 111.08070 7 11 1 77.03903 6 5 0 I 
. 110.07220 7 10 1 73.06514 4 9 1 
I 
I 109.06485 I 7 9 1 72.05716 4 8 1 
107.08569 8 11 0 71.04936 4 7 1 
•, 
97.06464 6 9 1 70.04205 4 6 1 
97.02860 5 5 2 69.07086 5 9 0 
I 96.09337 7 12 0 69.03461 4 5 1 
I 
96.05677 6 8 1 67.05486 5 7 0 
95.08541 7 11 0 66.04695 5 6 0 
95.04913 6 7 1 65.03912 5 5 0 ,, 
,; 
' I, 93.06987 7 9 0 59.04997 3 7 1 
91.05427 7 7 0 57.03419 3 5 1 
I 
87.04476 4 7 2 55.05509 4 7 0 
85.02904 4 5 2 55.01865 3 3 1 
83.08577 6 11 0 53.03950 4 5 0 
I 83.04926 5 7 1 53.00300 3 1 1 
l 81.07076 6 9 0 51.02367 4 3 0 
I 
80.06279 6 8 0 50.01608 4 2 0 
r 
I 
'1 
I 
'! 
l 
-, 
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Mass spectrum of inhibitor G3 
Accurate mass Formula Accurate mass Formula 
C H 0 C H 0 
268.13249 14 20 5 149.05991 9 9 2 
t 236.14141 14 20 3 148.08878 10 12 1 : 
I 224.14018 13 20 3 141.05390 7 9 3 
I 
·: 221.11709 13 17 3 140.04825 7 8 3 
209.11660 12 17 3 139.07587 8 11 2 
208.14533 13 20 2 138.06767 8 10 2 
198.08953 10 14 4 137.09652 9 13 1 
195.06574 10 11 4 137.05996 8 9 2 
193.12277 12 17 2 135.11731 10 15 0 
182.09451 10 14 3 125.05946 7 9 2 
"j 181.12235 11 17 
I 
2 125.02365 6 5 3 
I 181.08580 10 13 3 123.08075 8 11 1 
180.11467 11 16 2 123.04431 7 7 2 
I 
180.07737 10 12 3 122.03695 7 6 2 
179.10682 11 15 2 121.10154 9 13 0 
179.07068 10 11 3 121.06463 8 9 1 
167.07080 9 11 3 113.09715 7 13 1 
166.09967 10 14 2 112.08892 7 12 1 
165.09107 10 13 2 112.05258 6 8 2 
165.05585 9 9 3 111.08114 7 11 1 
I 
l 164.08360 10 12 2 111.04472 6 7 2 
n 
,r 
154.09982 9 14 2 110-. 07 214 7 10 1 
153.12678 10 17 1 109.10192 8 13 0 
153.09118 9 13 2 109.06495 7 9 1 
I 
152.08227 9 12 2 107.04907 7 7 1 
.11 151.07597 9 11 2 97.02845 5 5 2 
l 
109. 
Mass spectrum of inhibitor G3 continued . . . 
Accurate mass Formula Accurate mass Formula 
C H 0 C H 0 
96.09379 7 12 0 71.01330 3 3 2 
96.05725 6 8 1 70.04183 4 6 1 
95.08640 7 11 0 69.07012 5 9 0 
95.04978 6 7 1 69.03415 4 5 1 
94.04184 6 6 1 67.05455 5 7 0 
93.07029 7 9 0 67.01782 4 3 1 
91 . 05394 7 7 0 66.04653 5 6 0 
87.04464 4 7 2 65.03864 5 5 0 
83.04900 5 7 1 58.04138 3 6 1 
81.06978 6 9 0 45.03389 2 5 1 
81.03351 5 5 1 44.99743 1 1 2 
78.04627 6 6 0 43.05473 3 7 0 
77.03847 6 5 0 
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APPENDIX 2 
Table 5. Effect of seven test substances, at five different 
concentrations, on the adventitious root formation 
in cuttings of Phaseolus aureus Roxb. as measured 
over 3 days. 
(Values in the tables are counts of roots per 12 replicate 
cuttings.) 
DAY 5 
Control treatments: 39 and 54 
Concentration Test substances Concen-
of test tration 
solution totals (M) A B C D E R F 
10- 4 O** 3** 2** O** O** O** 2** 7 
10- 5 40 37 18** 26* 30 44 35 230 
10- 6 49 40 35 54 46 34 40 298 
10- 7 50 47 34 35 30 32 57 285 
10- 8 40 49 34 42 34 46 38 283 
Test 
substance 179 176 123 157 140 156 172 1103 
totals 
LSD 17.94 ( 5 % ) ' 23.57 (1%) 
** Significant at the 1% level 
* Significant at the 5% level 
LSD values given are for comparison of individual treatments 
(12) with the average of the two control- treatments (12 
replicates each). 
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Table 5' mung bean bioassay results continued . . . 
DAY 6 
Control treatments: 63 and 73 
Concentration Test substances 
of test 
solution 
(M) A B C D E R F 
10- 4 2** 20** 3** l** 13** 9** 14** 
10- 5 68 79 69 64 66 76 75 
10- 6 67 60 67 80 71 59 64 
10- 7 76 82 75 64 67 73 79 
10- 8 69 77 65 74 67 68 74 
Test 
substance 282 318 279 283 284 285 306 
totals 
LSD 20.64 ( 5 % ) ' 27.12 (1%) 
DAY 7 
Control treatments: 67 and 81 
Concentration Test substances 
of test 
solution 
(M) A B C D E R F 
10- 4 10** 33** 7** 4** 21** 11** 29** 
10-5 83 87 88 78 84 84 83 
10- 6 72 68 75 87 74 75 68 
10- 7 82 89 80 72 78 84 87 
10- 8 82 80 82 85 74 72 80 
Test 
substance 
totals 
329 357 332 326 331 326 347 
LSD 19.92 (5%), 26.16 (1%) 
111. 
Concen-
tration 
totals 
62 
497 
468 
516 
494 
2037 
Concen-
tration 
totals 
115 
587 
519 
572 
555 
2348 
Table 6. Analysis of variance on the data in Table 5. 
Mean Squares 
Source of variation D.F. 
Day 5 Day 6 
Blocks (replicates) 11 32.64** 33.73** 
(concentration 4 177.75** 447.50** 
Treatments ( 
(substances 6 7.00 3.83 
Concentration x substances 24 4.04 3.08 
Between controls 1 9.00 4.00 
Control v. factorial treatment 1 35.00 15.00 
Error 396 4.65 6.15 
Total 443 
** Significant at the 1% level. 
Day 7 
31.09** 
475.50** 
2.50 
4.25 
8.00 
7.00 
5.75 
I---' 
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APPENDIX 3 
Table 7. Effect of seven test substances, at five different 
concentrations, on adventitious root formation in 
cuttings of E. deglupta as measured on six days. 
(Values in tables are counts of roots per 20 replicate 
cuttings.) 
DAY 13 
Control treatments: 54 and 40 
Concentration Test substances 
of test 
solutions 
(M) A H C D 
10- 4 52 73 36 52 
10- 5 54 74* 54 72 
10- 6 67 69 83** . 89** 
10- 7 84** 60 76* 75* 
10- 8 64 63 61 68 
Test 
substance 321 339 310 356 
totals 
LSD 25.96 (5%), 34.12 (1%) 
** 
* 
Significant at the 1% level 
Significant at the 5% level 
E R 
19* 30 
36 33 
77* 65 
46 39 
52 45 
230 212 
F 
18* 
20* 
41 
46 
41 
166 
Concen-
tration 
totals 
280 
343 
491 
426 
394 
1934 
LSD values given are for comparison of individual treatments 
(20) with the average of the two control treatments (20 
replicates each). 
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Table 7. E. deglupta rooting bioassay results continued ... 
DAY 14 
Concentration 
of test 
solutions 
(M) 
10 - 4 
10-5 
10- 6 
10- 7 
10- 8 
Test 
substance 
totals 
Control treatments: 140 and 120 
Test substances 
A H C D E R F 
134 142 117 130 81* 113 76* 
135 171* 143 177 123 106 121 
164 156 174* 167 169 108 110 
179* 147 171* 157 131 103 102 
163 146 154 161 136 143 120 
775 762 759 792 640 573 529 
LSD 39.16 (5%), 51.47 (1%) 
DAY 15 
Concentration 
of test 
solutions 
(M) 
10- 4 
10- 5 
10- 6 
10- 7 
10- 8 
Test 
substance 
totals 
Control treatments: 215 and 216 
Test substances 
A H C D E R F 
185 204 191 195 131**186 169* 
229 224 227 256 209 181 178 
256 230 234 244 243 170* 184 
246 205 247 225 220 160* 159* 
234 214 214 214 218 215 164* 
1150 1077 1113 1134 1021 -912 854 
LSD 45.33 (5%), 59.58 (1%) 
Concen-
tration 
totals 
793 
976 
1048 
990 
1023 
4830 
Concen-
tration 
totals 
1261 
1504 
1561 
1462 
1473 
7261 
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Table 7 . E. deglupta rooting b i oassay results cont i nued . . . 
DAY 16 
Concentratior. 
of test 
solutions 
(M) 
10- 4 
10- 5 
10- 6 
10- 7 
10- 8 
Test 
substance 
totals 
Control treatments: 271 and 285 
Test substances 
A H C D E R F 
257 259 237 239 209**235 225* 
273 291 279 314 281 227* 229* 
309 276 304 314 300 286 232 
312 268 295 284 296 248 235 
307 279 277 289 283 272 245 
1458 1373 1392 1440 1369 1268 1166 
LSD 47.25 (5%), 62.11 (1%) 
DAY 17 
Control treatments: 328 and 338 
Concentration Test substances 
of test 
solutions 
(M) A H C D E R F 
10- 4 298 303 292 291 260**273* 262* 
10- 5 306 324 344 351 311 325 292 
10- 6 364 321 358 348 344 344 288 
10-7 347 309 325 326 325 284 300 
10- 8 354 325 333 341 351 294 278* 
Test 
substance 1669 1582 1652 1657 1591 1520 1 420 
totals 
LSD 50.24 ( 5 % ) ' 66.03 (1 %) 
Concen-
tration 
totals 
1661 
1894 
2021 
1938 
1952 
9466 
Concen-
tration 
totals 
1979 
2253 
2367 
2216 
2276 
11091 
116. 
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Table 7. E. deglupta rooting bioassay results continued . . . 
I 
I 
I 
' 
DAY 23 
I 
Control treatments: 444 and 438 
I 
I Concentration Test substances 
I Concen-
j of test ~ tration 
solutions totals ,, (M) A H C D E R F 
1 
10- 4 380* 428 396 421 397 383* 379* 2784 
10- 5 393 444 458 438 418 477 377* 3005 
I 
10- 6 I 447 410 424 459 442 465 385* 3032 
10-7 417 398 425 426 434 436 459 2995 
I 
10- 8 435 440 408 431 456 396 401 2967 
Test 
I substance 2072 2120 2111 2175 2147 2157 2001 14783 
totals 
l 
LSD 54.83 ( 5 % ) ' 72.07 (1%) 
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Table 8. Analysis of variance on the data in Table 7. 
Mean Squares 
Source of variation D.F. 
Day 13 Day 14 Day 15 Day 16 Day 17 Day 23 
Blocks (replicates) 19 38.05**133.00**186.11**238.74**293.05**393.16** 
(concentration 4 46.00** 72.50** 92.25**135.25**149.75** 70.25* 
Treatments ( 
(substances 6 53.17**116.17**131.67**105.00** 80.33** 35.33 
Concentration x substances24 5.21 12.67 20.29 14.33 13.37 32.67 
Between controls 
Control v. factorial 
treatment 
Error 
( 
Total 
** 
* 
1 4.90 10.00 0.02 
1 104.10** 6.00 6.00 
684 5.85 13.31 17.83 
739 \ 
Significant at the 1% level. 
Significant at the 5% level. 
4.90 2.50 0.90 
6.10 24.56 33.10 
19.38 21.90 26.09 
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